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(54) RAFRNOSE SYNTHETASE GENE, PROCESS FOR PRODUCING RAF R NOSE, AND 
TRANSFORMED PLANT 

(57) Raffinose is produced by allowing a raffinose 
synthase having the following properties to act on 
sucrose and galactinol: 


(1) action and substrate specificity: produces raffi- 
nose from sucrose and galactinol; 

(2) optimum pH: about 6 to 8; 

(3) optimum temperature: about 35 to 40°C; 

(4) molecular weight: 

(i) about 75 kDa to 95 kDa estimated by gel fil- 
tration chromatography; 

(ii) about 90 kDa to 100 kDa estimated by poly- 
acrylamide gel electrophoresis (Native PAGE); 
and 

(iii) about 90 kDa to 100 kDa estimated by 
SDS-polyacrylamide gel electrophoresis under 
a reduced condition (SDS-PAGE); and 

(5) inhibition: inhibited by iodoacetamide, N-ethyl- 
maleimide, and mvo -inositol. 
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Descripti n 

Technical Fi Id 

5 [0001] The present invention relates to a raffinose synthase, a method for raffinose synthesis using the raffinose 
synthase or a cell-free extract containing the raffinose synthase, a DNA coding for the raffinose synthase, and methods 
for its in plants. Raffinose is utilized in a variety of fields, as a food material having an activity to proliferate Bifidobacte- 
rium, or as a pharmaceutical to be used, for example, for solutions of organ preservation. 

10 Background Art 

[0002] Raffinose is one of raffinose family oligosaccharides, in which galactose is connected to glucosyl group of 
sucrose via a-1,6 linkage. The raffinose family oligosaccharides include, for example, stachyose containing two con- 
nected galactose residues, and verbascose containing three connected galactose residues, in addition to raffinose. 
15 These oligosaccharides are widely distributed in plants, for example, seeds of various plants such as beans, rapeseed, 
and cottonseed containing these oligosaccharides as reserve carbohydrates; plants belonging to Cucurfritaceae such 
as cucumber and melon containing these sugars as translocation sugars; and sugar beet (Beta vulgaris) and rosette 
leaves having acquired cold resistance. 

[0003] The raffinose family oligosaccharides are biosynthesized as follows. 

20 

UDP-galactose + myo-inosrtol -» galactinol + UDP (a) 

galactinol + sucrose raffinose + myo- inositol (b) 

25 galactinol + raffinose -» stachyose + myo-inositol (c) 

[0004] The reactions are catalyzed by (a) galactinol synthase (GS: EC 2.4.1 .123), (b) raffinose synthase (RS: EC 
2.4.1.82), and (c) stachyose synthase (STS: EC 2.4.1.67), respectively. 

[0005] At present, raffinose is extracted from sugar beet, and it is separated and purified in the sucrose purification 
30 process. However, since crystal formation of sucrose is deteriorated by raffinose, sugar beet has been subjected to 
breeding and improvement with the aim of decreasing the raffinose content. As a result, the raffinose content in sugar 
beet now has a low value of 0.03% to 0.16% (Enzvme Microb. Technol.. Vol. 4, May. 130-135 (1982)). Therefore, it is 
not easy to efficiently obtain raffinose from sugar beet having such a low raffinose content. 

[0006] As described above, raffinose is contained in mature seeds of Le guminosae plants represented by soybean 
35 and in sugar beet and Cucurbrtaceae plants such as cucumber. Mature seed of soybean contains, as soybean oligosac- 
charides, sucrose (content: about 5%), stachyose (content: about 4%), and raffinose (content: about 1%). The soybean 
oligosaccharides are recovered in a fraction obtained by deproteinizing defatted soybean, and they are utilized, tor 
example, for functional food products after concentration. However, raffinose occupies a proportion of 1 0% of the whole 
oligosaccharides, and hence raffinose exists in a small amount. 
40 [0007] On the other hand, a method for enzymatically synthesizing raffinose has been reported (Trends in Qlyco- 
science and Glvcotechnoloav. 7.34. 149-158 (1995)). This method comprises the steps of synthesizing galactobiose in 
accordance with a condensation reaction catalyzed by a-galactosidase, and transferring galactosyl group to sucrose by 
using the galactobiose as a galactosyl group donor in accordance with a galactosyl transfer reaction to synthesize raffi- 
nose. However, in this reaction, 350 g of galactobiose is synthesized from 1 .9 kg of lactose hydrolysate, and 100 g of 
45 raffinose is obtained from 190 g of galactobiose and 760 g of sucrose. Therefore, the yield of produced raffinose is low, 
and hence this synthesis method is not efficient. 

[0008] Besides the foregoing methods, a method is also conceivable in which a plant having a high raffinose con- 
tent may be bred by means of transformation for genes for enzymes involved in the biosynthesis system. For example, 
Kerr et al. have cloned a gene for galactinol synthase, and transformed rapeseed therewith (WO 93/021 96). As a result, 
so the GS activity was increased, however, the content of the raffinose family oligosaccharides was unwillingly decreased. 
It was impossible to achieve the object to enhance the biosynthesis of the raffinose family oligosaccharides by introduc- 
ing the galactinol synthase gene. Therefore, there has not been provided a method for increasing the content of the 
raffinose family oligosaccharides in plant. 

[0009] On the other hand, it is also demanded to decrease the raffinose family oligosaccharides. As described 
55 above, the raffinose family oligosaccharides are widely distributed over plants including, seeds of various plants such 
as beans, for example, soybean, rapeseed, and cottonseed containing these oligosaccharides as storage carbohy- 
drates; Cucuibitaceae. plants such as cucumber and melon containing these oligosaccharides as translocation sugars; 
and sugar beet and rosette leaves having acquired cold resistance. Meals obtained after extraction of oil, for example. 
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from soybean, rapes eed, and cotton contain the raffinose family oligosaccharides. Almost all of the meals are utilized 
as feed. However, human and animals, which do not have a-galactosidas , cannot directly digest the raffinos family 
oligosaccharides. It is known that th raffinose family oligosaccharides lower the metabolic energy efficiency of feed 
due to, for example, assimilation of the raffinose family oligosaccharides by enteric bacteria to cause gas production. It 
5 has been reported that removal of raffinose family oligosaccharides from soybean meal results in a large increase in 
the metabolizable energy for broiler chickens (Coon, "Proceeding Soybean Utilization Alternatives", University of Min- 
nesota, 203-21 1 (1989)). In view of the foregoing facts, it is desired to develop the plants such as soybean, rapeseed, 
and cottonseed in which the raffinose family oligosaccharides are decreased. 

[001 0] Such plants have been subjected to breeding to increase the amount of oil. Photosynthetic products are dis- 
10 tributed among oils, proteins, and carbohydrates including the raffinose family oligosaccharides. It has been reported 
for soybean that a reverse correlation exists between the amount of oils and the amount of carbohydrates. It is expected 
that the content of oils can be increased in a soybean plant having the same photosynthetic ability as those possessed 
by others, by decreasing the production of the raffinose family oligosaccharides. 

[001 1 ] Based on a viewpoint as described above, Kerr et al. have reported development of soybean varieties with 
is a low content of the raffinose family oligosaccharides, by means of breeding based on mating and selection, in which 
the raffinose family oligosaccharides are lowered by an amount of 80% to 90% (WO 93/00742). However, this technique 
concerns creation of soybean variety, which cannot be applied to other various soybean varieties developed in 
response to, for example, aptitude for cultivation and resistance to disease. This technique cannot be universally 
applied to various plants as well. 
20 [001 2] It is known that raffinose, which is contained, for example, in sugar beet and sugar cane, lowers crystal for- 
mation of sugar or sucrose. Therefore, it is possible to expect that if no raffinose is produced, the production efficiency 
of sugar may be improved in such a plant However, no sugar beet has been created, which contains no raffinose. 
[0013] As described above, the raffinose synthase, which has been hitherto purified, has been confirmed only as 
an enzyme activity, and no entity of the enzyme has been identified. The confirmed activity is low, and it has been 
25 desired to obtain a raffinose synthase having a high activity. The conventional method for producing raffinose provides 
a low yield, and hence it has been desired to develop an efficient method for producing raffinose. On the other hand, it 
is also desired to breed a plant in which the raffinose family oligosaccharides are decreased. 

Disclosure of the Invention 

30 

[0014] The present invention has been made taking the foregoing viewpoints into consideration, and an object of 
the present invention is to obtain a raffinose synthase having a high activity and a DNA encoding the raffinose synthase, 
and provide an efficient method for enzymatically synthesizing raffinose, and a method for utilizing the DNA encoding 
the raffinose synthase in plants. 

35 [0015] As a result of diligent investigations in order to achieve the object described above, the present inventors 
have succeeded in purifying a raffinose synthase from cucumber. Further diligent investigations have been made by the 
present inventors in order to clone a gene coding for the raffinose synthase. As a result, a DNA fragment specific to a 
gene for the raffinose synthase has been obtained by chemically synthesizing single strand DNAs on the basis of nucle- 
otide sequences deduced from amino acid sequences of peptide fragments of the cucumber raffinose synthase, and 

40 performing PGR by using the single strand synthetic DNAs as primers and using cDNAs prepared from poly(A) + RNA 
extracted from cucumber as templates. Further, the raffinose synthase gene has been isolated by adopting a method 
in which hybridization is performed for a cDNA library originating from cucumber by using the DNA fragment as a probe- 
Also, diligent investigations in order to clone a raffinose synthase gene of soybean origin have been made based on 
information about the raffinose synthase gene of cucumber origin. As a result, the raffinose synthase gene of soybean 

45 origin has been isolated. A chimeric gene having a regulatory region expressible in plants has been prepared by using 
a fragment of the isolated raffinose synthase gene to transform a plant. Further, a plant in which the raffinose family oli- 
gosaccharides are decreased due to the introduced raffinose synthase gene, has been created. 
[0016] Namely, the present invention provides a raffinose synthase having an activity to produce raffinose from 
sucrose and galactinoL 

so [0017] Preferably, the present invention provides a raffinose synthase which is a protein specified by the following 
(A), (B), (C)or(D): 

(A) a protein which has an amino acid sequence shown in SEQ ID NO: 5 in Sequence Listing; 

(B) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or inver- 
ts sion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 5 in Sequence 

Listing, and which has an activity to produce raffinose from sucrose and galactinol; 

(C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

(D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or inver- 
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sion of one or several residues of amino acids in th amino acid sequence shown in SEQ ID NO: 24 in Sequence 
Listing, and which has an activity to produc raffinose from sucrose and galactinol. 

[0018] Also, the present invention provides a raffinose synthase which has the following properties: 

(1) action and substrate specificity: produces raffinose from sucrose and galactinol; 

(2) optimum pH: about 6 to 8; 

(3) optimum temperature: about 35 to 40°C; 

(4) molecular weight: 

0) about 75 kDa to 95 kDa estimated by gel filtration chromatography; 

(ii) about 90 kDa to 100 kDa estimated by polyacrylamide gel electrophoresis (Native PAGE); and 

(iii) about 90 kDa to 100 kDa estimated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) under a 
reduced condition; and 

(5) inhibition: inhibited by iodoacetamide, N-ethylmaleimide, and myoinositol. 

[0019] In an embodiment of the foregoing raffinose synthase provided by the present invention, the raffinose syn- 
thase has an amino acid sequence including amino acid sequences shown in SEQ ID NOs: 28 to 30 in Sequence List- 
ing. 

[0020] The present invention also provides a raffinose synthase which is a protein specified by the following (C) or 
(D): 

(C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

(D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or inver- 
sion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 24 in Sequence 
Listing, and which has an activity to produce raffinose from sucrose and galactinol. 

[0021] In another aspect of the present invention, there is provided a method for producing raffinose, comprising 
the step of allowing the foregoing raffinose synthase to act on sucrose and galactinol to produce raffinose. 
[0022] In still another aspect of the present invention, there are provided a DNA encoding the raffinose synthase, 
and, in particular, a DNA coding for a protein specified by the following (A), (B), (C) or (D): 

(A) a protein which has an amino acid sequence shown in SEQ ID NO: 5 in Sequence Listing; 

(B) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or inver- 
sion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 5 in Sequence 
Listing, and which has an activity to produce raffinose from sucrose and galactinol; 

(C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

(D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or inver- 
sion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 24 in Sequence 
Listing, and which has an activity to produce raffinose from sucrose and galactinol. 

[0023] In an embodiment of the foregoing DNA of the present invention, there is provided a DNA specified by the 
following (a), (b), (c) or (d): 

(a) a DNA which includes a nucleotide sequence comprising at least nucleotide residues of nucleotide numbers 56 
to 2407 in a nucleotide sequence shown in SEQ ID NO: 4 in Sequence Listing; 

(b) a DNA which hybridizes under stringent conditions with the nucleotide sequence comprising at least nucleotide 
residues of nucleotide numbers 56 to 2407 in the nucleotide sequence shown in SEQ ID NO: 4 in Sequence Listing, 
and which codes for a protein having an activity to produce raffinose from sucrose and galactinol; 

(C) a DNA which includes a nucleotide sequence comprising at least nucleotide residues of nucleotide numbers 
156 to 2405 in a nucleotide sequence shown in SEQ ID NO: 23 in Sequence Listing; or 

(d) a DNA which hybridizes under stringent conditions with the nucleotide sequence comprising at least nucleotide 
residues of nucleotide numbers 156 to 2405 in the nucleotide sequence shown in SEQ ID NO: 23 in Sequence List- 
ing, and which codes for a protein having an activity to produce raffinose from sucrose and galactinol. 

[0024] In still another aspect of the present invention, there is provided a DNA useful for expression of an antisense 
RNA or a sens RNA of the raffinose synthase, namely, a DNA specified by the following (e) or (f): 
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(e) a DNA which hybridizes under string nt conditions with a nucleotide sequence comprising at least nucleotide 
residues of nucleotide numbers 56 to 2407 in a nucleotide sequence shown in SEQ ID NO: 4 in Sequence Listing, 
or a complementary nucleotid sequ nee thereof ; or 

(f) a DNA which hybridizes under stringent conditions with a nucleotide sequence comprising at least nucleotide 
5 residues of nucleotide numbers 166 to 2405 in a nucleotide sequence shown in SEQ ID NO: 23 in Sequence List- 
ing, or a complementary nucleotide sequence thereof. 

[0025] In still another aspect of the present invention, there are provided a chimeric gene comprising the raffinose 
synthase gene or a part thereof, and a transcription regulatory region expressible in plant cells, and a plant transformed 
io with the chimeric gene. 

[0026] In still another aspect of the present invention, there is provided a method for changing a content of raffinose 
family oligosaccharides in a plant, comprising the steps of transforming the plant with the chimeric gene, and allowing 
the gene to be expressed in the plant. 

[0027] In the following description, the raffinose synthase having the properties described in the foregoing (1) to (5), 
is or the raffinose synthase specified as the protein defined in the foregoing (A), (B), (C) and (D) is simply referred to as 
"raffinose synthase" in some cases. The DNA encoding raffinose synthase, or the DNA encoding raffinose synthase 
and including non-translating regions is referred to as "raffinose synthase gene" in some cases. 
[0028] The present invention will be explained in detail below. 

20 111 Raffinose synthase of the present invention 

[0029] The raffinose synthase of the present invention may be a protein specified by the following (A), (B), (G) or 
(D): 

25 (A) a protein which has an amino acid sequence shown in SEQ ID NO: 5 in Sequence Listing; 

(B) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or inver- 
sion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 5 in Sequence 
Listing, and which has an activity to produce raffinose from sucrose and galactinol; 

(C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

30 (D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or inver- 
sion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 24 in Sequence 
Listing, and which has an activity to produce raffinose from sucrose and galactinol. 

[0030] The raffinose synthase of the present invention includes that having the following properties: 

35 

(1) action and substrate specificity: produces raffinose from sucrose and galactinol; 

(2) optimum pH: about 6 to 8; 

(3) optimum temperature: about 35 to 40°C; 

(4) molecular weight: 

40 

(i) about 75 kDa to 95 kDa estimated by gel filtration chromatography; 

(iQ about 90 kDa to 100 kDa estimated by pofyacrylamide gel electrophoresis (Native PAGE); and 

(iii) about 90 kDa to 100 kDa estimated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) under a 

reduced condition; and 

45 

(5) inhibition: inhibited by iodoacetamide, N-ethylmaleimide, and myoinositol. 

[0031 ] The raffinose synthase having the foregoing properties has been isolated and purified from leaves of cucum- 
ber, and has been identified for the first time by the present inventors. As demonstrated in Examples described later, 
so the raffinose synthase of cucumber origin includes the amino acid residues shown in SEQ ID NOs: 1 to 3 or SEQ ID 
NOs: 28 to 30 in Sequence Listing, in the amino acid sequence of the enzyme protein. An entire amino acid sequence 
of the raffinose synthase is shown in SEQ ID NO: 5. 

[0032] The raffinose synthase is obtainable from plants belonging to Cucurbitaceae. for example, plants such as 
melon (Cucumis melo) and cucumber (Cucumis sativus) . 
55 [0033] Especially, the raffinose synthase is contained in a large amount in leaves of these plants, especially in tis- 
sues of leaf vein portions and seeds. 

[0034] Next, the method for producing the raffinose synthase of the present invention will b explained in accord- 
ance with an illustrative method for isolating and purifying the raffinose synthas from cucumber. 
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[0035] Leaf vein portions are collected from leaves of cucumb r obtained 6 to 10 weeks after planting, and ground 
with liquid nitrog n by, for example, a mortar. Then, a buffer is added thereto to extract proteins. During this process, it 
is allowable to add a substance to prev nt the raff inos synthase from degradation and inactivation, for example, a pro- 
tease inhibitor such as PMSF (phenylmethane-suHbnyt fluoride), or polyclarl AT (produced by Serva). Insoluble matters 
5 are removed from an obtained extract solution by means of filtration and centrifugation to obtain a crude extract solu- 
tion. 

[0036] The crude extract solution thus obtained is subjected to fractionation based on combination of ordinary 
methods for purifying proteins, including, for example, anion exchange chromatography, hydroxyapatite chromatogra- 
phy, gel filtration, and salting out. Thus the raffinose synthase can be purified. 

io [0037] Anion exchange chromatography can be performed, for example, by using a column charged with a strongly 
basic anion exchanger such as HiTrap Q (produced by Pharmacia), or a weakly basic anion exchanger such as DEAE- 
TOYOPEARL (produced by Tosoh Corp.). The extract solution containing the raffinose synthase is allowed to pass 
through the column so that the enzyme is adsorbed to the column. After washing the column, the enzyme is eluted by 
using a buffer having a high salt concentration. During this process, the salt concentration may be increased in a step- 

is wise manner, or the concentration gradient may be applied. For example, when the HiTrap Q column is used, the raffi- 
nose synthase activity adsorbed to the column is eluted by NaCI at about 0.3 M. An eluting solution to give an NaCI 
concentration gradient of 0.05 M to 0.35 M is preferably used for DEAE-TOYOPEARL An eluting solution to give a 
phosphate concentration gradient of 0.01 M to 0.3 M is preferably used for hydroxyapatite chromatography. 
[0038] The order of the foregoing operations is not specifically limited. Each of the operations may be repeated two 

20 or more times. It is desirable to exchange a sample solution with an appropriate buffer by means of dialysis or the like 
before the sample solution is allowed to pass through each column. The sample solution may be concentrated at each 
stage. 

[0039] At each stage of the purification, it is preferable that the raffinose synthase activity contained in each of frac- 
tionated fractions is measured so that fractions having high activities are collected to be used in the next stage. The 

25 method for measuring the raffinose synthase activity is exemplified by a method using radioisotope as reported, for 
example, by Lehle, H. et al. (Eur. J. Biochem.. 38, 103-1 10 (1973)). As a modified method thereof, the reaction temper- 
ature and the substrate concentration may be changed. For example, 10 \i\ of an enzyme solution is added to a reaction 
solution containing, at final concentrations, 10 mM 14 C-sucrose, 20 mM galactinol, 25 mM HEPES (2-(4-(2-hydroxye- 
thy0-1-piperaziny0ethanesuH6nic acid)-NaOH, pH 7.0, 0.5 mM DTT (d'rthiothreitol) to give a volume of 50 \A. The solu- 

30 tion is incubated at 32° C for 1 hour to perform the reaction. The reaction is stopped by adding 200 ^l of ethanol and 
heating the solution at 95°C for 30 seconds. The reaction solution is centrifuged to obtain a supernatant. An aliquot of 
the supernatant is spotted on Whatman 3MM filter paper, and developed with n-propanol:ethyl acetate water = 4:1 :2. 
Incorporation of 14 C into raffinose is investigated, which is regarded to be the raffinose synthase activity (nmol/hour). 
[0040] The present inventors have developed a method for measuring the raffinose synthase activity in place of the 

35 foregoing method. Namely, the raffinose synthase activity is measured by quantitatively determining raffinose produced 
by the raffinose synthesis reaction, by means of HPLC (high-performance liquid chromatography). According to this 
method, the activity can be measured conveniently and quickly as compared with the method of Lehle, H. et al. This 
method is especially preferable to detect active fractions during the purification operation. This method will be explained 
below. 

40 [0041 ] For the raffinose synthesis reaction, to a reaction solution prepared to have a composition having the follow- 
ing final concentrations, 10 to 50 pJ of a raffinose synthase solution is added to give a volume of 100 jJ. followed by per- 
forming the reaction at 32°C for 60 minutes. 


[Composition of reaction solution (final concentration)] 

45 

[0042] 


2.5 mM sucrose 

5 mM galactinol 

so 5mM DTT 

20 mM Tris-HCI buffer (pH 7.0) 


[0043] After performing the reaction as described above, the reaction is stopped by adding to the reaction solution, 
ethanol in a volume four times the volume of the reaction solution and heating the solution at 95°C for 30 seconds. The 
55 obtained solution is centrifuged to obtain a supernatant and the supernatant is then dried up under a reduced pressure. 
After that, an obtained residue is dissolved in distilled water. Raffinose in the reaction product is quantitatively deter- 
mined by using HPLC to estimate th raffinose synthase activity. HPLC can be performed by using, for example, Sugar 
Analysis System DX500 (CarboPac PA1 column, pulsed amperometry detector (produced by Dionecs)). 
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[0044] Fig. 1 shows a result of measurement performed in accordance with the method described above, for the 
amount of raff inos produced when the reaction time was changed. As seen from Fig. 1 , this method makes it possible 
to conveniently measur th raff inose synthase activity with excellent linearity. 

[0045] The degree of purification of the purified raff inose synthase can be confirmed, and the molecular weight can 
5 be measured, by means of, for example, gel electrophoresis and gel filtration chromatography. Enzymatic properties 
can be investigated by measuring the enzyme activity while changing the reaction temperature or the reaction PH, or 
by measuring the remaining enzyme activity after adding, to the reaction solution, various enzyme inhibitors, metal ions 
or the like. The stable pH range and the stable temperature range can be investigated by measuring the enzyme activity 
after exposing the raffinose synthase to various pH conditions and temperature conditions for a certain period of time 
10 respectively. 

[0046] The properties of the raffinose synthase described above have been determined in accordance with proce- 
dures as described above. However, it should be noted that different results may be obtained depending on measure- 
ment conditions. For example, the measurement for the molecular weight based on the use of gel filtration 
chromatography is affected by the type of the gel filtration carrier and the buffer, and the molecular weight marker to be 

is used. The enzyme activity differs depending on the type of the buffer and the salt concentration in many cases even 
when the measurement is performed at an identical pH. Therefore, upon identification for the raffinose synthase, it is 
preferable to perform comprehensive investigation without being bound to only measurement for individual properties. 
[0047] The raffinose synthase of the present invention can be obtained by performing the isolation and purification 
from cucumber as described above. Alternatively, the raffinose synthase of the present invention can be produced by 

20 introducing, into an appropriate host, a DNA coding for the raffinose synthase originating from cucumber, soybean or 
another plant as described later, and making expression thereof, in accordance with ordinary methods used for fermen- 
tative production of heterogeneous proteins. 

[0048] Those assumed as the host for expression of the raffinose synthase gene include various procaryotic cells 
represented by Escherichia coii. and various eucaryotic cells represented by Saccharomvces However, it is desirable 

25 to use plant cells, especially cells originating from plants such as tobacco, cucumber, and Arabidopsis thaliana . 

[0049] The recombinant plasmid used for transformation can be prepared by inserting the DNA coding for the raffi- 
nose synthase into an expression vector in conformity with the type of cells to be used for expression therein. Those 
usable as the plant expression vector include those having a promoter DNA sequence operative in the plant or a com- 
bination of a plurality of such promoter DNA sequences, and a terminator DNA sequence operative in the plant, and 

30 further having a sequence between the both to make it possible to insert a foreign gene. 

[0050] The promoter includes, for example, promoters which make expression over a whole plant, such as CaMV 
35S RNA promoter, CaMV 19S RNA promoter, and nopaline synthase promoter; promoters which make expression in 
green tissues, such as Rubisco small subunit promoter; and promoters which make site-specific expression at portions 
such as seed, including, for example, those for genes of napin and phaseolin. The terminator described above includes, 

35 for example, nopaline synthase terminator, and Rubisco small subunit 3*-side portion. 

[0051] As for the expression vector for plants, for example, pBI121 and p35S-GFP (produced by CLONTECH) are 
commercially available, and they may be used. Alternatively, a vector for expressing virus RNA may be used so that a 
gene for an outer coat protein encoded thereby, for example, may be replaced with the raffinose synthase gene. 
[0052] In order to achieve transformation, it is advantageous to use methods which are usually used for transforma- 

40 tion, such as the Agrobacterium method, the particle gun method, the electroporation method, and the PEG method, in 
conformity with a host cell to be manipulated. The raffinose synthase activity can be detected by using the method 
adopted in the purification process for the raffinose synthase. Upon the detection, it is desirable to previously remove 
a-galactosidase, for example, by allowing the sample to pass through an anion exchange column. 
[0053] The gene coding for the raffinose synthase of cucumber origin includes all of those which provide the raff i- 

45 nose synthase activity upon expression. Preferably, the gene is exemplified by the gene comprising a DNA coding for 
the amino acid sequence shown in SEQ ID NO: 5 in Sequence Listing, and the gene having the nucleotide sequence 
shown in SEQ ID NO: 4 in Sequence Listing. The gene coding for the raffinose synthase of soybean origin includes all 
of those which provide the raffinose synthase activity upon expression. Preferably, the gene is exemplified by the gene 
comprising a DNA coding for the amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing, and the gene hav- 

50 ing the nucleotide sequence shown in SEQ ID NO: 23 in Sequence Listing. It is noted that the gene coding for the amino 
acid sequence shown in SEQ ID NO: 5 or 24 in Sequence Listing includes various nucleotide sequences taking degen- 
eracy of codons into consideration. Namely, the gene coding for the amino acid sequence shown in SEQ ID NO: 5 or 
24 in Sequence Listing may be selected from such various nucleotide sequences, while considering several factors for 
the gene expression system, such as preferential codons depending on, for example, the type of the host cell, and 

55 avoidance of higher-order structure to be formed by transcribed RNA. The selected nucleotide sequence may be a DNA 
cloned from the nature, or a DNA chemically synthesized in an artificial manner. 
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< 2 > DNA coding for raff inos synthase of the present inv ntion 

[0054] Th DNA coding for the raff inose synthase can be obtained by preparing a cDNA library from poly(A) + RNA 
isolated from a plant such as cucumber, and screening the cDNA library by means of hybridization. A probe to be used 
5 for the hybridization can be obtained by performing amplification by means of PCR (polymerase chain reaction) by 
using, as primers, oligonucleotides synthesized on the basis of partial amino acid sequences of the raffinose synthase 
protein. 

[0055] A method for obtaining the DNA of the present invention from poly(A) + RNA originating from cucumber will 
be specifically explained below. 
io [0056] As for the portion for extracting poly(A) + RNA, al! portions of a cucumber plant body may be used provided 
that the raffinose synthase gene is expressed at that portion. Poly(A) + RNA can be obtained, for example, from leaves, 
stalks, buds, fruits, and seeds at various growth stages. However, poly(A) + RNA is desirably obtained from a material of 
fully expanded leaves after fruiting, especially leaf vein portions. 

[0057] In order to extract total RNA from the cucumber tissue, any method may be used without limitation provided 
is that RNA can be efficiently obtained with less damage. It is possible to use any known method such as the phenol/SDS 
method and the guanidine isothiocyanate/cesium chloride method. Poly(A) + RNA can be isolated from the total RNA 
thus obtained, by using an oligo(dT) carrier. It is also preferable to use a kit (for example, MPG Direct mRNA Purification 
Kit, produced by CPQ, INC.) which makes it possible to obtain poly(A) + RNA without extracting the total RNA. 
[0058] A DNA fragment, which is used as a probe for screening for the cDNA library, can be obtained by performing 
20 PCR. Oligonucleotides, which have nucleotide sequences deduced from already known amino acid sequences of pep- 
tide fragments, for example, nucleotide sequences deduced from amino acid sequences shown in SEQ ID NOs: 1 to 3, 
are chemically synthesized. The obtained oligonucleotides are used as primers to perform PCR. Any portion of the 
amino acid sequence of the obtained peptide fragment may be used for the primers. However, it is desirable to select 
sequences which include less degeneracy of codons and which are assumed to form no complicated higher-order 
25 structure. Alternatively, it is also preferable to perform RACE (Rapid Amplification of cDNA End, "PCR PROTOCOLS A 
Guide to Methods and Applications", ACADEMIC press INC., pp. 28 to 38). 

[0059] ft is desirable to use, as a template for PCR, a cDNA library or single strand cDNA. When a heat-resistant 
DNA polymerase having a reverse transcriptase activity is used for the PCR reaction, it is allowable to use 
poly(A) + RNA or total RNA in some cases. 

30 [0060] In order to prepare the cDNA library, at first single strand cDNAs are synthesized by using reverse tran- 
scriptase while using poiy(A) + RNA as a template and using oligo(dT) primer, random primers or the like. Next, double 
strand cDNAs are synthesized in accordance with, for example, the Gubler and Hoffman method, the Okayama-Berg 
method ("Molecular Cloning". 2nd edition, Cold Spring Harbor press, 1989). When the raffinose synthase gene is 
expressed in a small amount, cDNAs may be amplified by means of PCR by using a cDNA library construction kit using 

35 PCR (for example, Capf inder PCR cDNA Library Construction Kit (produced by CLONTECH)). cDNAs thus synthesized 
can be cloned into a cloning vector such as phage vectors and plasmids, after performing, for example, blunt end for- 
mation, addition of a linker, addition of a restriction enzyme site by means of PCR. 

[0061] A portion characteristic of the raffinose synthase cDNA is selected from the DNA fragments obtained by 
PCR described above, for the probe for hybridization. It is desirable to select a DNA fragment located near to the 5'- 

40 terminal side. The amplified DNA fragment thus selected is purified from a reaction solution of PCR. In this procedure, 
the amplified DNA fragment may be purified by subcloning the DNA fragment by using a plasmid, preparing a large 
amount of the subcloned plasmid, digesting the prepared plasmid with a restriction enzyme, and excising the DNA frag- 
ment from a gel after electrophoresis. Alternatively, PCR may be performed by using the plasmid as a template to 
amplify and use only the objective portion. When the amount of the initially amplified DNA fragment is sufficiently large, 

45 the amplified DNA fragment may be purified by electrophoresing the DNA fragment without performing subcloning, 
excising a gel segment containing a band of the objective DNA fragment, and purifying the DNA fragment from the gel 
segment. 

[0062] Screening to obtain the objective clone from the cDNA library is performed by means of hybridization. The 
DNA fragment obtained in accordance with the foregoing method can be labeled and used as a probe for the hybridi- 

so zation. Upon labeling, rt is possible to use various labels such as radioisotope and biotin. However, labeling is desirably 
performed in accordance with the random priming method. Screening may be performed by using PCR instead of 
hybridization. Further, screening may be performed by using hybridization and PCR in combination. 
[0063] The nucleotide sequence of the DNA coding for the raffinose synthase of cucumber origin obtained as 
described above, and the amino acid sequence deduced from the nucleotide sequence are illustratively shown in SEQ 

55 id NO: 4 in Sequence Listing. Only the amino acid sequence is shown in SEQ ID NO: 5. A transformant AJ13263 of 
Escherichia coli JM109. which harbors a plasmid pMossloxCRS containing the DNA fragment including the DNA coding 
for the raffinose synthase obtained in Exampl 3 described later, has been internationally deposited on the basis of the 
Budapest Treaty since November 19, 1996 in National Institute of Bioscience and Human Technology of Agency of 
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Industrial Science and Technology of Ministry of International Trade and Industry (postal code: 305, 1-3 Higashi 1- 
chome, Tsukuba-shi, Ibaraki-ken, Japan), and awarded an accession number of FERM BP-5748. 
Furthermor , by using the raffinose synthase gene obtained from one plant as described above, a raff inose synthase 
gene can be obtained from another plant. As the plant for obtaining the raffinose synthase, any of plants producing raffi- 
nose as described above may be used. For example, soybean, broad bean, rapeseed, sunflower, cotton, sugar beet 
and the like may be mentioned. As an example, acquisition of the DNA encoding the raffinose synthase gene of soy- 
bean by using the DNA encoding the raffinose synthase gene of cucumber origin is described. 
[0064] The raffinose synthase gene of soybean can be obtained by preparing a cDNA library from poly(A) + RNA 
derived from soybean, and screening the cDNA library by using a probe selected based on the nucleotide sequence of 
the DNA encoding the raffinose synthase gene of cucumber origin. 

[0065] As a portion from which RNA is extracted, any portion of soybean plant body can be used provided that the 
raffinose synthase is expressed. Preferably, a seed, in particular, an immature seed after bloom which produces raffi- 
nose family oligosaccharides, may be used. 

[0066] The method for extracting total RNA from the soybean immature seed is not limited provided that less-dam- 
aged RNA can be efficiently obtained. Any of the methods described above with respect to cucumber may be used. 
[0067] A probe for hybridization needs to have a nucleotide sequence having a high homology with the raffinose 
synthase gene of soybean origin. The probe used for hybridization may be the raffinose synthase gene of cucumber 
origin. Preferably, a sequence of a region conserved in the raffinose synthase in the gene may be used as a probe. 
However, the sequence can not be determined based on only information about the raffinose synthase gene of cucum- 
ber origin. To obtain the probe for hybridization having the sequence, the following methods needs to be used. Conven- 
iently, Northern hybridization to soybean RNA is carried out with fragments obtained by digesting the raffinose synthase 
gene of cucumber origin with a suitable restriction enzyme, and a DNA fragment which hybridizes may be used as the 
probe. Alternatively, the probe may be obtained by RT-PCR using primers synthesized based on an amino acid 
sequence of the raffinose synthase of cucumber origin and soybean RNA as a template. Also, the probe may be 
obtained by RT-PCR using oligonucleotides synthesized based on Arabidopsis thaliana EST sequences having homol- 
ogy with the DNA encoding the raffinose synthase of cucumber origin as primers and Alabidopsis thaliana RNA. 
[0068] Preferably, one having a high homology with the objective gene is obtained as follows. First, EST sequences 
of Arabidopsis thaliana or the like which has homology with the raffinose synthase gene of cucumber origin in GenBank 
are screened with software such as Genetix Mac or the like. Regions of a high homology between the obtained 
sequences and the raffinose synthase gene of cucumber are considered to include a region conserved among raffinose 
synthases originating from various species. A DNA fragment of this region can be obtained by, for example, amplifica- 
tion by PCR using single strand DNA prepared from Arabidopsis thaliana RNA as a template and oligonucleotides syn- 
thesized based on the sequence of a high homology as primers. The nucleotide sequence of the amplified fragment is 
analyzed to select one having a sequence of a high homology with that of cucumber. The obtained DNA fragment is 
labeled as described above to use as the probe. 

[0069] For screening of the objective clone from a cDNA library, hybridization may be carried out in the same man- 
ner as cloning the gene of cucumber. 

[0070] A nucleotide sequence of a DNA encoding the raffinose synthase of soybean origin obtained as described 
above, and an amino acid sequence deduced from the nucleotide sequence are shown in SEQ ID NO: 23 in Sequence 
Listing. Only the amino acid sequence is shown in SEQ ID NO: 24. Homology of the raffinose synthase of soybean ori- 
gin with the raffinose synthase of cucumber origin is 38% in the amino acid sequence and 50% in the nucleotide 
sequence by maximum matching which allows gaps. The transformant, designated as AJ 13379, of Escherichia coJi 
JM1 09, which harbors the plasmid pMOSSIoxSRS containing a DNA fragment containing DNA coding for the raffinose 
synthase obtained in Example 4 as described below, has been internationally deposited on the basis of the Budapest 
Treaty since October 20, 1997 in National Institute of Bioscience and Human Technology of Agency of Industrial Sci- 
ence and Technology of Ministry of International Trade and Industry (postal code: 305, 1 -3 Higashi 1 -chome, Tsukuba- 
shi, Ibaraki-ken, Japan), and awarded an accession number of FERM BP-6149. 

[0071 ] By using information about the raffinose synthase of cucumber origin and the raffinose synthase of soybean 
origin, a raffinose synthase gene may be obtained from another plant. Single strand DNA having a nucleotide sequence 
deduced from the amino acid sequence conserved between the both proteins, for example, SEQ ID NO: 28 (amino acid 
numbers 199 to 208 of SEQ ID NO: 24), 29 (amino acid numbers 302 to 314 of SEQ ID NO: 24), 30 (amino acid num- 
bers 513 to 527 of SEQ ID NO: 24) in Sequence Listing, or single strand DNA having a nucleotide sequence comple- 
mentary to the deduced nucleotide sequence may be synthesized and RT-PCR may be carried out by using the single 
strand DNAs as primers. Any portion of the sequence may be used for the primer. Preferably, a sequence in which 
degeneracy of codon is small and complicated high-order structure is not considered to be formed. PCR is carried out 
by using cDNA synthesized from total RNA or poly(A) + RNA in some cases of a plant from which the gene is to be 
obtained, as a template. The obtained DNA fragment is cloned into a suitable vector to analyze nucleotide sequence, 
thereby confirming that the nucleotide sequence has homology with the raffinos synthas gene originating from 
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cucumber or soybean or an amino acid sequence translated therefrom has homology with the amino acid sequence of 
the raffinose synthase originating from cucumber or soybean. Thus obtained DNA fragment can be used for screening 
of a cDNA library. Alternatively, RACE may b carried out using single strand cDNA synthesized from total RNA or 
poly(A) + RNA in some cases of a plant from which the gene is to be obtained, as a template. 

[0072] The DNA of the present invention may code for a raffinose synthase protein including substitution, deletion, 
insertion, addition, or inversion of one or several residues of amino acids at one or several positions, provided that the 
activity of raffinose synthase encoded thereby, i.e., the activity to produce raffinose from sucrose and galactinol is not 
deteriorated. In this context, the number of "several residues" differs depending on the position and the type of the 
amino acid residues in the three-dimensional structure of the protein, originally because of the following reason. 
Namely, high similarity is found between some amino acids and other amino acids, for example, between isoleucine and 
valine, and such a difference in amino acid does not greatly affect the three-dimensional structure of the protein. There- 
fore, the DNA of the present invention may code for those having homology of not less than 35 to 40% with respect to 
the entire 784 amino acid residues for constituting the raffinose synthase of cucumber origin, provided that they have 
the raffinose synthase activity. Preferably, they have homology of 65% in a region between 51 0th amino acid and 61 0th 
amino acid. Also, the DNA of the present invention may code for those having homology of not less than 35 to 40% with 
respect to the entire 750 amino acid residues for constituting the raffinose synthase of soybean origin, provided that 
they have the raffinose synthase activity. Preferably, they have homology of 65% in a region between 478th amino acid 
and 577th amino acid. Specifically, the number of "several residues" is 2 to 40, preferably 2 to 20. and more preferably 
2 to 10. The homology is a value determined by the maximum matching which allows gaps. 

[0073] The present invention includes genes in which homology of not less than about 50% is given for the entire 
length of the gene, and homology of not less than 65% is given over a region comprising about 300 nucleotide residues. 
Nucleotide sequence information on such genes can be obtained by searching genes having homology to the raffinose 
synthase gene of cucumber origin, by using a database such as GenBank. For example, GENETIX-MAC (software for 
processing genetic information, produced by Software Development), which adopts the Lipman-Person method, may 
be used as a program for homology analysis. Alternatively, those open to the public on the Internet may be used for this 
purpose. Some nucleotides sequences obtained by the method as described above contain the entire length of the 
gene, and other nucleotide sequences do not contain the entire length of the gene. When the entire length of the gene 
is not contained, the entire length gene can be easily obtained by using RNA extracted from an objective plant tissue 
as a template, and using primers corresponding to portions having high homology to the raffinose synthase gene of 
cucumber origin, in accordance with the 5-RACE method and the 3'-RACE method. The obtained entire length gene 
may be incorporated into an appropriate expression vector provided as those included in a kit such as Soluble Protein 
Expression System (produced by INVITROGEN), Tight Control Expression System (produced by INVITROGEN), and 
QIAexpress System (produced by QIAGEN) as described above, so that the gene may be expressed, and then the raffi- 
nose synthase activity may be measured in accordance with the method described above to select a clone having the 
activity. The methods for gene expression are detailed in Plant Molecular Biology, A Laboratory Manual (Melody S. 
Clark (Ed.), Springer) and the like. 

[0074] A DNA, which codes for substantially the same protein as the raffinose synthase, can be obtained by modi- 
fying the nucleotide sequence in accordance with, for example, the site-directed mutagenesis method so that amino 
acids located at specified positions are subjected to substitution, deletion, insertion, or addition. The modified DNA as 
described above may be also obtained in accordance with the conventionally known mutation treatment. The mutation 
treatment includes a method in which the DNA coding for the raffinose synthase is treated with hydroxylamine or the 
like in vitro, and a method in which a bacterium belonging to the genus Escherichia harboring the DNA coding for the 
raffinose synthase is treated with ultraviolet irradiation or a mutating agent usually used for artificial mutation, such as 
nitrous acid and N-methyl-N*-nitro-N-nitrosoguanidine (NTG). 

[0075] The substitution, deletion, insertion, addition, or inversion of the nucleotide includes mutation which naturally 
occurs, for example, based on the difference between individuals of a cucumber or soybean plant, the difference 
between varieties, the formation of multiple copies of the gene, the difference between respective organs, and the dif- 
ference between respective tissues. 

[0076] DNA having mutation as described above is expressed in an appropriate cell to investigate the raffinose syn- 
thase activity of an expressed product. Thus it is possible to obtain a DNA which codes for substantially the same pro- 
tein as the raffinose synthase. Further, the DNA coding for substantially the same protein as the raffinose synthase 
protein can be obtained by isolating a DNA which hybridizes under stringent conditions with a DNA having a nucleotide 
sequence comprising nucleotide residues of nucleotide numbers 56 to 2407 in the nucleotide sequence shown in SEQ 
ID NO: 4 or a nucleotide sequence comprising nucleotide residues of nucleotide numbers 1 56 to 2405 in the nucleotide 
sequence shown in SEQ ID NO: 23 in Sequence Listing, for example, and which codes for the protein having the raffi- 
nose synthase activity, from DNAs coding for raffinose synthases having mutation or from cells harboring the DNAs. 
The phrase "stringent conditions" referred to herein indicates a condition in which the specific hybrid is formed, and non- 
specific hybrid is not formed. It is difficult to definitely express this condition by using numerical values. However, for 
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xample, this condition includes a condition in which DNAs having high homology, for exampl , DNAs having homology 
of not less than 50% hybridize with each ther, while DNAS having homology lower than th above do not hybridize with 
each other, or a condition in which hybridization is achieved at a salt concentration corresponding to a washing condi- 
tion for ordinary Southern hybridization, i.e., 1 x SSC, 0.1% SDS, and preferably 0.1 x SSC, 0.1% SDS, at 60°C. Genes, 
5 which hybridize under such a condition, may include those which contain a stop codon generated at an intermediate 
position, and those which have lost the activity due to mutation at the active center. However, those having such muta- 
tion can be easily eliminated by ligating the gene with a commercially available activity expression vector to measure 
the raff inose synthase activity in accordance with the method described above. 

[0077] When the DNA of the present invention is used to express an antisense RNA for the raff inose synthase, it is 
10 unnecessary for the DNA to code for any active raff inose synthase. Further, the function of any endogenous gene hav- 
ing homology can be restrained by using a sense RNA. In such a case, it is also unnecessary for the DNA to code for 
any active raffinose synthase. Further, it is unnecessary for the DNA to contain the entire length. Preferably, it is suffi- 
cient for the DNA to have about 500 base pairs of a translating region having 60% of homology. An example of the DNA 
is a DNA of the following (e) or (f): 

15 

(e) a DNA which hybridizes under stringent conditions with a nucleotide sequence comprising at least nucleotide 
residues of nucleotide numbers 56 to 2407 in a nucleotide sequence shown in SEQ ID NO: 4 in Sequence Listing, 
or a complementary nucleotide sequence thereof; or 

(f) a DNA which hybridizes under stringent conditions with a nucleotide sequence comprising at least nucleotide 
20 residues of nucleotide numbers 156 to 2405 in a nucleotide sequence shown in SEQ ID NO: 23 in Sequence List- 
ing, or a complementary nucleotide sequence thereof. 

[0078] The method has been explained above, in accordance with which the present inventors have succeeded in 
cloning the objective cDNA of the raffinose synthase originating from cucumber or soybean. However, other than the 
25 foregoing, the following methods may be available. 

(1) The raffinose synthase originating from cucumber or soybean is isolated and purified, and an entire nucleotide 
sequence is chemically synthesized on the basis of a determined amino acid sequence or the amino acid 
sequence shown in SEQ ID NO: 5 or 24. 

30 (2) Chromosomal DNA is prepared from a cucumber or soybean plant body, and a chromosomal DNA library is pre- 
pared by using a plasmid vector or the like. The raffinose synthase gene is obtained from the library by means of 
hybridization or PGR. It is assumed that the raffinose synthase gene originating from chromosome contains intron 
in its coding region. However, DNA divided into several parts by such intron is included in the DNA of the present 
invention provided that it codes for the raffinose synthase. 

35 (3) Poly(A) + RNA is fractionated into fractions in accordance with the molecular weight or the like. The fractions are 
subjected to an in vitro translation system using wheat germ or rabbit reticulocyte to determine a fraction containing 
mRNA coding for a polypeptide having the raffinose synthase activity. An objective cDNA fragment is prepared and 
obtained from the fraction. 

(4) An anti-cucumber raffinose synthase antibody or an anti-soybean raffinose synthase antibody is prepared. Ele- 
40 ments of a cDNA library are incorporated into a protein expression vector, and an appropriate host is transfected 

therewith to express proteins encoded by cDNAs. An objective cDNA may be screened by using the foregoing anti- 
body. 

(5) Appropriate primers are synthesized on the basis of amino acid sequences of peptide fragments, and a 
sequence containing the terminal is amplified by means of the RACE method, followed by cloning thereof. 

45 

[0079] For expression of the raffinose synthase gene, a DNA of a region encoding the enzyme may be introduced 
to various expression vectors to express the gene. Specifically, it is described in Plant Molecular Biology-A Laboratory 
Manual (M. S. Clark (eds.), Springer) and the like. As the vector, commercially available expression vectors may be 
used. Confirmation of the expression can be carried out by measuring an activity according to the method described in 

so the present specification. 

[0080] As an example, a method for expression of the raffinose synthase activity by the raffinose synthase gene 
originating from soybean is described. An Nde l restriction enzyme site and a Bam HI site are added to immediately 
upstream portion including ATG of 156th nucleotide and downstream portion of 2405th nucleotide, respectively, by PGR 
using primers designed to have the respective restriction enzyme sites. Then, the raffinose synthase gene purified by 

55 the phenol-chloroform method and pET3a are each digested with Nde l and Bam HI. The digested DNAs are each puri- 
fied by agarose gel electrophoresis. Since a Bam HI site is present in the raffinose synthase gene originating from soy- 
bean, mutation is previously made by PCR or the like, or a fragment having an objective siz is selected by agaros gel 
electrophoresis. The purified raffinose synthase gene fragment is ligated to th vector, and the ligation is confirmed by 
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agarose gel leclrophoresis. Also, sequencing is carried out to confirm that the raff inos synthas gen starts from ATG 
codon. E. coli BL21 (DE3) pLysE is transformed with the vector, and transformants are selected with LB medium con- 
taining chloramphenicol and ampicillin. The insert fragment in th transformant is confirmed by PCR or the like, the 
objective transformant is cultured to obtain cells. The cells are incubated with a gel-loading buffer containing SDS at 
5 1 00°C for 3 minutes. Then, SDS polyacryf amide gel electrophoresis is carried out to confirm a protein band of an objec- 
tive size. The selected strain is cultured, and protein is extracted by disrupting cells with sonication or the like. The raff i- 
nose synthase activity of the extracted protein solution may be determined by the method described in the present 
specification. 

10 < 3) Method fo r producing raffinose of the present invention 

[0081] In the method for producing raffinose of the present invention, the raffinose synthase is allowed to act on 
sucrose and galactinol to produce raffinose. When the raffinose synthase is allowed to act on sucrose and galactinol, 
the galactose residue constituting galactinol is transferred to sucrose, and thus raffinose is produced. During this proo- 
fs ess, myo inositol constituting galactinol is liberated. 

[0082] The raffinose synthase, which is used to produce raffinose, may be an enzyme extracted from a plant body, 
or an enzyme produced by means of the genetic recombination technique based on the use of the DNA of the present 
invention. 

[0083] In order to allow the raffinose synthase to act on sucrose and galactinol, the following procedure may be 
20 available. Namely, the raffinose synthase or cells having an ability to produce the raffinose synthase are immobilized to 
a carrier such as alginic acid gel and polyacrylamide gel to prepare immobilized enzyme or immobilized cells. The 
immobilized enzyme or the immobilized cells are charged to a column, and a solution containing sucrose and galactinol 
is allowed to pass through the column. As for the carrier and the method for immobilizing the raffinose synthase or the 
cells to the carrier, it is possible to adopt materials and methods which are used for ordinary bioreactors. 
25 [0084] The raffinose synthesis reaction is performed, for example, by adding the raffinose synthase to a solution 
such as an aqueous solution or a buffer containing sucrose and galactinol. It is preferable that pH of the solution is 
adjusted to be within a range of about 6 to 8, especially at about pH 7. The reaction temperature is within a range of 
about 28 to 42°C, preferably 35 to 40°C, especially about 38°C. The raffinose synthase of the present invention is stable 
within a range of pH 5 to 8, especially in the vicinity of pH 6. The enzyme of the present invention is stable within a tem- 
30 perature range of not more than about 40°C. 

[0085] The enzyme activity of the raffinose synthase of the present invention is inhibited by iodoacetamide, N-ethyl- 
maleimide, MnCI 2 , ZnCI 2 , and NiCI 2 . Therefore, it is desirable that these substances are not contained in the reaction 
solution. 

[0086] Preferably, galactinol and Sucrose are added to the reaction solution at a concentration of not less than 5 
as mM of galactinol and a concentration of not less than 1 .5 mM of sucrose. The raffinose synthase may be added to the 
reaction solution in an amount depending on the amounts of the substrates. 

[0087] Raffinose is separated from unreached sucrose and galactinol and from myoinositol produced by the 
enzyme reaction, contained in the reaction solution, in accordance with a method including, for example, gel filtration 
chromatography. 

40 

< 4 > Chimeric gene and transgenic plant of the present invention 

[0088] The chimeric gene of the present invention includes the raffinose synthase gene or a part thereof and the 
transcription regulatory region expressible in plant cells. The raffinose synthase gene is exemplified by the DNA coding 

45 for the raffinose synthase of the present invention described in the foregoing item ei When the chimeric gene of the 
present invention is used as an antisense gene, a non-coding region of the raffinose synthase gene or a part thereof 
can be used in some cases, besides the DNA coding for the raffinose synthase. The non-coding region includes, for 
example, sequences indicated by nucleotide numbers 1 to 55 (5 -non-coding region) and nucleotide numbers 2407 to 
2517 (3*-non-coding region) in SEQ ID NO: 4 as well as nucleotide numbers 1 to 155 and nucleotide numbers 2406 to 

so 2765 in SEQ ID NO: 23 in Sequence Listing. 

[0089] When the transcription regulatory region is linked to the DNA coding for the raffinose synthase in the chi- 
meric gene of the present invention so that mRNA (sense RNA) homologous to the coding strand of the DNA is 
expressed, plant cells to which the chimeric gene is introduced express the raffinose synthase, and the content of the 
raffinose family oligosaccharides is increased. On the other hand, when the transcriptional regulatory region is linked 

55 to the DNA so that RNA (antisense RNA) having a sequence complementary to the coding strand of the DNA is 
expressed, and when the transcription regulatory region is linked to the DNA so that a partial fragment of the raffinose 
synthase gene, preferably s nse RNA for a portion of not less than about 200 base pairs in the upstream coding region 
is expressed, then the expression of endogenous raffinose synthase is restrained in plant cells to which the chimeric 
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gene is introduced, and the raffinose family oligosaccharides are decreased. 

[0090] The content of the raffinose family oligosaccharides in a plant can be changed by transforming the plant with 

the chim ric gene of the present invention, and allowing the gene to be expressed in cells of the plant. 

[0091] Plants to which the present invention is applicable include, for example, oil crops such as soybean, rape- 

s seed, cotton; sugar crops such as sugar beet and sugar cane; and model plants represented by Arabidopsis thaliana . 
[0092] The transcription regulatory region expressible in plant cells includes, for example, promoters which make 
expression over a whole plant, such as CaMV 35S RNA promoter, CaMV 19S RNA promoter, and nopaline synthase 
promoter; promoters which make expression in green tissues, such as Rubisco small subunit promoter; and promoter 
regions which make site-specific expression at portions such as seed, including, for example, those for genes of napin 

10 and phaseolin as described above. The 3-terminal of the chimeric gene may be connected with the terminator such as 
nopaline synthase terminator, and Rubisco small subunit 3 -end portion. 

[0093] The plant may be transformed with the chimeric gene in accordance with usually used methods such as the 
Aarobacterium method, the particle gun method, the electroporation method, and the PEG method, depending on the 
host cell to be manipulated. 

is [0094] The transformation method for introducing the chimeric gene into the plant includes, for example, the Agro : 
bacterium method, the particle gun method, the electroporation method, and the PEG method. 
[0095] The Agrobacterium method is specifically exemplified by a method using a binary vector. Namely, a plant is 
transfected with a vector comprising T-DNA originating from Ti plasmid, a replication origin which is functional in micro- 
organisms such as Escherichia coli. and a marker gene for selecting plant cells or microbial cells harboring the vector. 

20 Seeds are collected from the plant, and they are allowed to grow. Plants to which the vector is introduced are selected 
by using an index of expression of the marker gene. Obtained plants are measured for the raffinose synthase activity, 
or strains exhibiting change in content of the raffinose family oligosaccharides are selected from the obtained plants. 
Thus it is possible to obtain an objective transformed plant. 

[0096] A method for introducing the chimeric gene into soybean will be described below. In order to perform trans- 

25 formation for soybean, it is possible to use any of the particle gun method (Pro. Natl. Acad. Sci. USA. 86, 145 (1989); 
TIBTECH. 8, 145 (1990); Bio/Technoloav. 6, 923 (1988); Plant Phvsiol. 8Z. 671 (1988); Develop. Genetics. VL 289 
(1990); and Plant cell Tissue & Organ Culture. 33, 227 (1993)), the Agrobacterium method (Plant Physiol.. 9L 1212 
(1989); WO 94/02620; Plant Mol. Biol.. & 135 (1987); and Biotechnology. & 915 (1988)), and the electroporation 
method (Plant Physiol. 99, 81 (1992); Plant Physiol. 84, 856 (1989); and Plant cell Reports. 10, 97 (1991)). 

30 [0097] In the particle gun method, it is preferable to use an embryogenic tissue or a hypocotyl of an immature seed 
about 30 to 40 days after dehiscence of anthesis. About 1 g of the embryogenic tissue is spread over a petri dish, and, 
for example, gold particles or tungsten particles coated with the objective chimeric gene may be shot thereinto. The tis- 
sue is transferred after 1 to 2 hours to a liquid medium to perform cultivation. After 2 weeks, the tissue is transferred to 
a medium containing an antibiotic for transformant selection, followed by cultivation. After 6 weeks, a green adventitious 

35 embryo which is resistant to the antibiotic is obtained. The adventitious embryo is further transferred to a fresh medium 
and cultured so that a plant body is reproduced. Alternatively, when the hypocotyl is used, the hypocotyl is excised 
under a sterilized condition, and it is treated in accordance with the particle gun method, followed by cultivation in MS 
medium (Murashige and Skoog, Physioloqia Plantrum . 15, 473-497 (1962)) containing cytokinin at a high concentra- 
tion. The hypocotyl is cultured in the darkness for 2 weeks, and then it is cultured at room temperature with light irradi- 

40 ation for 12 to 16 hours in MS medium having a lowered cytokinin content. During this process, it is preferable to add, 
to the medium, the antibiotic having been used as the selection marker. When a multiple bud body is formed from the 
transplanted tissue, it is transferred to a medium supplemented with no hormone so that rooting is caused. An obtained 
seedling body is transferred to a greenhouse and cultivated. 

[0098] In the case of the method using Aarobacterium. it is desirable to use cotyldonary nod as a plant tissue. Com- 
45 mercially available LBA4404, C58, and Z707 can be used as Aarobacterium . It is desirable to use Z707. For example, 
a plasmid obtained by inserting the objective gene into pMON530 (produced by Monsanto Co.) can be used as the vec- 
tor. The plasmid is introduced into Agrobacterium tumefaciens Z707 (Hepburn et al., J. Gen. Microbiol.. 131. 2961 
(1985)) in accordance with, for example, the direct freeze thaw method (An et al., "Plant Mol. Biol. Mannual", A3: 1-19, 
1988). The Aarobacterium transformed with the chimeric gene is cultivated overnight. Proliferated cells are collected by 
so centrifugation at 5000 rpm for 5 minutes, and they are suspended in B5 suspension medium. Soybean seeds are ster- 
ilized, and they are cultivated for 3 days on B5 medium having a 1/1 0 concentration so that they germinate. Cotyledons 
are excised, and they are cultivated for 2 hours with the suspension of Agrobacterium . The cotyledons are transferred 
to B5 medium (containing Gamborg B5 salt ( Exp. Cell- Res.. 50, 151 (1968)), Gamborg B5 vitamin, 3% sucrose. 5 jiM 
benzylaminopurine, 10 uM IBA, and 100 |iM acetosyringon), and they are cultivated for 3 days under a condition at 
55 25°C with light irradiation (60 (iEm' 2 S _1 ) for 23 hours. Subsequently, in order to remove Agrobacterium. the cotyledons 
are cultivated in B5 medium (5 uM benzylaminopurine, 100 mg/L carbenicillin, 100 mg/L vancomycin, and 500 mg/L 
cefotaxime) at 25°C for 4 days while exchanging the medium every day. Aft r that, th cotyledons are cultivated in B5 
medium (200 mg/L kanamycin). Multishoots are formed within 1 or 2 months. Th y are cultivated on B5 medium (0.58 
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mg/L gibberellin and 50 mg/L kanamycin) to elongate the shoots. Subsequently, the shoots ar transferred to B5 
medium (10 \M IBA) to caus rooting. Rooted seedlings ar acclimatized, and th y ar cultivated in a greenhouse. 
Thus transfbrmants can be obtained. 

[0099] A transformant plant, in which the raff inose synthase gene is introduced, can be easily confirmed by extract- 
ing DNA from the transformant, and performing Southern hybridization by using the raff inose synthase gene as a probe. 

Brief Description of the Drawings 

[0100] 

Fig. 1 shows a relationship between the reaction time and the amount of raff inose produced by the raffinose syn- 
thesis reaction. 

Fig. 2 shows a diagram illustrating a result of SDS-polyacrylamide gel electrophoresis for the raffinose synthase. M 
indicates molecular weight markers, and S indicates a sample containing the raffinose synthase. Numerals indicate 
molecular weights (kDa). 

Fig. 3 shows an influence of the reaction temperature on the raffinose synthase activity. 
Fig. 4 shows an influence of the reaction pH on the raffinose synthase activity. 
Fig. 5 shows an influence of mvo -inositol on the raffinose synthase activity. 
Fig. 6 shows a stable pH range of the raffinose synthase. 

Fig. 7 shows relationships between synthetic primers and amino acid sequences of peptides. R represents A or G, 
Y represents C or T, M represents A or C, K represents G or T, D represents G, A, or T, H represents A, X or C, B 
represents G, X or C, N represents G ( A. X or C t and I represents inosine. 

Best Mode for Carrying Out the Invention 

[0101 ] The present invention will be more specif ically explained below with reference to Examples. 

[0102] At first, the method for measuring the raffinose synthase activity, used to confirm active fractions during 

respective purification steps and investigate characteristics of the enzyme in the following Examples, will be explained. 

Method for measuring the raffinose synthase activity) 

[01 03] The activity of the raffinose synthase was measured by quantitatively determining raffinose produced by the 
raffinose synthesis reaction by using HPLC (high-performance liquid chromatography). HPLC was performed by using 
Sugar Analysis System DX500 (CarboPac PA1 column, pulsed amperometry detector (produced by DIONEX)). 
[0104] For the raffinose synthesis reaction, to a reaction solution prepared to have a composition having the follow- 
ing final concentrations, 10 to 50 pi of a raffinose synthase solution was added to give a volume of 100 pi, followed by 
p rforming the reaction at 32°C for 60 minutes. 

[Composition of reaction solution (final concentration)] 

[0105] 

2.5 mM sucrose 
5 mM galactinol 
5mM DTT 

20 mM Tris-HCl buffer (pH 7.0) 

[01 06] After performing the reaction as described above, the reaction was stoped by adding to the reaction solution, 
ethanol in a volume four times the volume of the reaction solution and heating the solution at 95°C for 30 seconds. The 
obtained solution was centrif uged to obtain a supernatant and the supernatant was then dried up under a reduced pres- 
sure. After that, an obtained residue was dissolved in distilled water. Raffinose in the reaction product was quantitatively 
determined by using the sugar analysis system to estimate the raffinose synthase activity. 

Example 1 : Purification of Raffinose Synthase from Cucumber 

< 1 > Extraction of raffinose synthase from cucumber 

[0107] Vein tissues wer collected from true leaves of cucumb r (cv. : SUYOU) obtained 6 to 1 0 weeks after plant- 
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ing. The leaf vein tissues were frozen with liquid nitrogen, and they were stored at -80°C. Th frozen leaf vein tissues 
w re ground by a mortar with liquid nitrog n, and Buffer 1 (40 mM Tris-HCI buff r (pH 7.0), 5 mM DTT, 1 mM PMSF 
(phenylmethanesulfonyl fluorid ) f 1% polyclarl AT (produced by Serva)) was added thereto to extract proteins. An 
obtained extract solution was filtrated with a filter such as gauze or Miracloth (produced by Calbiochem-Novobiochem). 
s An obtained filtrate was centrtf uged at 4°C at about 30,000 x g for 60 minutes. A supernatant obtained by the centrifu- 
gation was used as a crude extract solution. 

121 Anion exchange chromatography (1) 

w [0108] The crude extract solution (about 560 ml) obtained as described above was applied to a column system 
comprising five connected columns for strongly basic anion exchange chromatography (HiTrap Q, produced by Phar- 
macia, 1.6 cm x 2.5 cm) equilibrated with Buffer 2 (20 mM Tris-HCI buffer (pH 7.0), 5 mM DTT) to adsorb the raffinose 
synthase activity to the columns. Subsequently, the columns were washed with Buffer 3 (20 mM Tris-HCI buffer (pH 
7.0), 0.2 M NaCI, 5 mM DTT) in a volume five times of the columns so that non-adsorbed proteins were washed out. 

is After that, the raffinose synthase activity was eluted from the columns with 50 ml of Buffer 4 (20 mM Tris-HCI buffer (pH 
7.0), 0.3 M NaCI, 5 mM DTT). 

131 Anion exchange chromatography (2) 

20 [0109] The eluted solution (about 75 ml) was placed in a dialysis tube (Pormembranes MWC 0:10,000, produced 
by Spectra), and it was dialyzed against 10 L of Buffer 5 (20 mM Tris-HCI buffer (pH 7.0), 0.05 M NaCI, 5 mM DTT) at 
4°C overnight. The dialyzed sample was applied to a column for weakly basic anion exchange chromatography (DEAE- 
TOYOPEARL, produced by Tosoh Corp., 2.2 x 20 cm) equilibrated with Buffer 5 to adsorb the raffinose synthase activity 
to the column. Subsequently, the column was washed with Buffer 5 in a volume five times the volume of the column to 

25 wash out non-adsorbed proteins. After that, a linear concentration gradient of 0.05 M to 0.35 M NaCI in a volume twenty 
times the volume of the column was applied to elute the enzyme activity so that fractionation was performed. 

(4) Gel filtration chromatography 

30 [0110] The eluted solution obtained as described above (about 160 ml) was concentrated into 6.5 mi by using a 
concentrator (Centriprep 10, produced by Amicon). Aliquots (each 3 ml) of the concentrated solution were applied to a 
column for gel filtration chromatography (Superdex 200 pg, produced by Pharmacia, 2.6 cm x 60 cm). Equilibration for 
the column and elution from the column were performed by using Buffer 6 (20 mM Tris-HCI buffer (pH 7.0), 0.1 M NaCI, 
5 mM DTT, 0.02% Tween 20). Fractions having the raffinose synthase activity were collected from fractionated fractions. 

35 

151 Hydroxyapatite chromatography 

[01 1 1 ] A collected fraction (about 25 ml) having the raffinose synthase activity fractionated by the gel filtration was 
concentrated by using Centriprep 10, and the buffer was exchanged with Buffer 7 (0.01 M sodium phosphate buffer (pH 
40 7.0), 5 mM DTT, 0.02% Tween 20). An obtained concentrate solution (about 1 .2 ml) was applied to a hydroxyapatite col- 
umn (Bio-Scale CHT-1 , produced by Bio Rad, 0.7 x 5.2) previously equilibrated with the same buffer to adsorb the raffi- 
nose synthase activity. The column was washed with the same buffer in a volume (10 ml) five times the volume of the 
column. After that, a linear concentration gradient of 0.01 M to 0.3 M phosphate in a volume twenty times the volume 
of the column was applied to elute the enzyme activity so that fractionation was performed. 

45 

<6) Hydroxyapatite rechromatoqraphy 

[0112] An active fraction obtained in accordance with the hydroxyapatite chromatography as described above was 
subjected to rechromatography in the same manner as described above to obtain a purified raffinose synthase fraction 
50 (about 2 ml). 

[0113] The amount of protein contained in the active fraction was about 200 ug. The total activity was 5700 
nmol/hour, and the specific activity per protein was about 28 nmol/hour/mg. The active fraction contained only a protein 
which exhibited a single band corresponding to a molecular weight of 90 kDa to 100 kDa on electrophoresis as 
described later. The specific activity of the obtained purified enzyme sample was about 2000 times that of the crude 
55 extract solution. The recovery was 12% with respect to the amount of the enzyme obtained after the strongly basic 
anion exchange chromatography using HiTrap Q. Results of the purification are summarized in Table 1 . 
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Tabl 1 


10 



Total protein mg 

Total activity nmol/h 

Specific activity 
nmol/h/mg 

Yield % 

Crude extract 

1915 

20700 

11 


HiTrap Q 

1092 

48800 

45 

100 

DEAE-TOYOPEARL 

540 

33000 

61 

68 

Superdex 200 pg 

1.79 

26500 

14800 

54 

Apatite (1)* 

0.51 

12600 

24700 

26 

Apatite (2)* 

0.20 

5700 

28500 

12 


Apatite (1)*: Hydroxyapatite chromatography (1) 
Apatite (2)*: Hydroxyapatite chromatography (2) 


Example 2: Investigation on Characteristics of Raffinose Synthase 

20 

[0114] Characteristics of the purified raffinose synthase obtained in Example 1 were investigated. 

< 1 > Molecular weight measurement 

25 (1) Gel filtration chromatography 

[0115] An aliquot (10 ^l) of the purified raffinose synthase was dispensed. This sample and a molecular weight 
marker (Molecular Weight Marker Kit for Gel Filtration, produced by Pharmacia) were applied to a gel filtration chroma- 
tography column (Superdex 200 pg, produced by Pharmacia). Equilibration of the column and elution from the column 
30 were performed by using Buffer 6 (20 mM Tris-HCI buffer (pH 7.0), 0.1 M NaCI, 5 mM DTT, 0.02% Tween 20). As a 
result, the molecular weight of the raffinose synthase was estimated to be about 75 kDa to 95 kDa. 

(2) Polyacrylamide gel electrophoresis (Native PAGE) 

35 [01 16] An aliquot (1 0 nl) of the purified raffinose synthase was dispensed, and the same volume of a sample buffer 
(0.0625 M Tris-HCI (pH 6.8), 15% glycerol, 0.001% BPB) was added thereto to prepare an electrophoresis sample. The 
sample (10 nl) was applied to 10% polyacrylamide gel (produced by Daiichi Chemical, Multigel 10), and electro- 
phoresed at 40 mA for about 60 minutes with 0.025 M Tris - 0.192 M glycine buffer (pH 8.4). After the electrophoresis, 
the gel was stained with Silver Stain Kit (produced by nacalai tesque). As a result the molecular weight was estimated 

40 to be about 90 kDa to 1 00 kDa. 

(3) SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

[01 1 7] An aliquot (1 0 (il) of the purified raffinose synthase was dispensed, and the same volume of a sample buffer 
45 (0.0625 M Tris-HCI (pH 6.8), 2% SDS, 10% glycerol, 5% mercaptoethanol, 0.001% BPB) was added thereto, followed 
by heating in a boiling water bath for 1 minute to prepare an electrophoresis sample. The sample (10 mQ was applied to 
10 to 20% gradient polyacrylamide gel (produced by Daiichi Chemical), and electrophoresed at 40 mA for about 70 min- 
utes with 0.025 M Tris - 0.192 M glycine buffer (pH 8.4) containing 0.1% SDS. After the electrophoresis, the gel was 
stained with Silver Stain Kit (produced by nacalai tesque). A result is shown in Fig. 2. As a result, the molecular weight 
so was estimated to be about 90 kDa to 1 00 kDa. 

121 Optimum reaction temperature 

[0118] The raffinose synthase activity was measured under various temperature conditions (28°C, 32°C, 36°C, 
55 40°C, 44°C, 48°C, and 52°C) in accordance with the method for measuring the raffinose synthase activity described 
above. The enzyme solution was added to each of the reaction solutions in an amount of 2 pi. Fig. 3 shows relative 
activities at the respective temperatures assuming that the enzyme activity at 32°C was 100. As a result, th raffinos 
synthase exhibited the activity in a range of about 25 to 42°C, and the optimum reaction temperature was about 35 to 
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40°C. 

131 Optimum reaction pH 

s [01 1 9] The raff inose synthase activity was measured under various pH conditions (pH 4 to 1 1 ) in accordance with 
the method for measuring the raff inose synthase activity described above. The reactions were performed by using 50 
mM citrate buffer (pH 4 to 6), 50 mM potassium phosphate buffer (pH 5.5 to 7.5), 50 mM Bis-Tris buffer (pH 6 to 7), 20 
mM Tris-HCI buffer (pH 7 to 8.5), and 50 mM glycine-NaOH buffer (pH 9 to 1 1). The enzyme solution was added to the 
respective reaction solutions in an amount of 2 \il A result is shown in Fig. 4. 

10 [0120] As a result, the raff inose synthase exhibited the activity in a range of pH 5 to 10, and the optimum reaction 
pH was about 6 to 8, provided that the activity varied depending on the type of the buffer used for the measurement. 

141 Investigation on inhibitors and metal ions 

is [01 21 ] Various enzyme inhibitors or metal ions were added to the reaction solution of the purified raff inose synthase 
to give a final concentration of 1 mM respectively, and the raff inose synthase activity was measured in the same manner 
as described above. Table 2 shows remaining activities with respect to the enzyme activity obtained when neither inhib- 
itor nor metal ion was added, lodoacetamide and N-ethylmaleimide remarkably inhibited the enzyme activity. The inhib- 
iting effect was scarcely observed for CaCI 2 , CuCI 2 , and MgCI 2 . However, MnCI 2 , ZnCI 2 , and NiCI 2 exhibited the 

20 inhibiting effect. 


Table 2 


Inhibitor or metal ion 

Remaining activity (%) 

No addition 

100 

lodoacetoamide 

0 

N-ethylmaleimide 

40 

CaCI 2 

115 

CuCI 2 

101 

MgCl 2 

96 

MnCI 2 

32 

ZnCI 2 

42 

NiCI 2 

68 


40 (5) Inhibition by myo-inositol 

[0122] Investigation was made for inhibition by myo -inositol as the reaction product of the raff inose synthesis reac- 
tion. To the reaction solution, myo -inositol was added at various concentrations, and the raff inose synthase activity was 
measured. A result is shown in Fig. 5. The enzyme activity was inhibited as the concentration of added myo -inositol was 
45 increased. 

< 6) S table pH 

[0123] The raff inose synthase fraction obtained by the anion exchange chromatography (2) described above was 
so incubated for 4 hours at 4°C in 50 mM Bis-Tris-HCI buffer (pH 5 to 8.0, containing 0.5 mM DTT) or 20 mM Tris-HCI buffer 
(pH 7 to 8.0, containing 0.5 mM DTT), and then the raffinose synthase activity was measured. Fig. 6 shows the enzyme 
activity versus pH of the buffer used for the incubation. The raffinose synthase activity was confirmed after the incuba- 
tion under any of the incubation conditions. Especially, the enzyme was stable in a range of pH 5 to 7.5. 

55 <7) Stable temperature 

[0124] The raffinos synthase fraction obtained by the anion exchange chromatography (2) described above was 
incubated in 20 mM Tris-HCI buffer (pH 7, containing 0.5 mM DTT) for 60 minutes at 28°C, 32°C, 37°C, or 40°C, and 
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then the raff inose synthase activity was measured. As a result, the enzyme of th present invention exhibited, in th 
range of 28°C to 40°C, activities of 80% to 100% of that obtained by a control for which the incubation treatment was 
not performed for comparison, and therefore was stable in the range. 

5 181 Analysis of amino acid sequence 

[0125] The cysteine residue of the purified raffinose synthase was subjected to reducing pyridylethytation, and the 
reaction mixture was desalted. An obtained sample was digested at 37°C for 12 hours with lysylendopepttdase (Achro- 
mobacter protease 1 , produced by Wako Pure Chemical Industries) to form peptide fragments. An obtained peptide 

w mixture was applied to reverse phase HPLC (column: Waters uBondasphere (4&.1 x 150 mm, C 1S , 300 A, produced by 
Waters (Millipore))) to separate and obtain the respective peptide fragments. 0.1% TFA (trifluoroacetic acid) was used 
as a solvent, and elution was performed with a concentration gradient of acetonrtrile. Amino acid sequences of three 
fragments selected from the obtained peptide fragments were determined by using a protein sequencer. The deter- 
mined amino acid sequences of the respective peptides are shown in SEQ ID NOs: 1 to 3 in Sequence Listing. These 

is peptides will be thereafter referred to as Peptides 1 , 2, and 3 respectively in this order. 

Example 3: Preparation of DNA Coding for Raffinose Synthase Originating from Cucumber 
111 Isolation of partial fragment of cDNA of raffinose synthase by means of PCR method 

20 

[0126] Major veins (22 g) of cucumber were ground by a mortar with liquid nitrogen. The ground material was 
added to a mixture of an extraction buffer (100 mM lithium chloride, 100 mM Tris-HCI (pH 8.0), 10 mM EDTA, and 1% 
SDS) and an equal amount of phenol previously heated to 80°C, followed by agitation. After that, a mixture of phenol 
and an equal amount of chloroform:isoamyl alcohol (24:1) was added thereto, followed by agitation again. An obtained 
25 mixture solution was centrifuged at 4°C at 9250 x g for 15 minutes to collect a supernatant. The supernatant was 
repeatedly subjected to the treatment with phenol and the treatment with chloroform:isoamyl alcohol to obtain a super- 
natant after centrrfugation. To the supernatant, an equal amount of 4 M lithium chloride was added, followed by being 
stationary left to stand at -70°C for 1 hour. 

[0127] After thawing at room temperature, the sample was centrifuged at 4°C at 9250 x g for 30 minutes to obtain 
30 a precipitate. The precipitate was washed with 2 M lithium chloride once and with 80% ethanol once. After drying, the 
precipitate was dissolved in 2 ml of a diethylpyrocarbonate-treated solution to give a sample of purified total RNA. The 
obtained total RNA was 2.38 mg. 

[0128] The all amount of the total RNA was applied to poly(A) + RNA purification kit (produced by STRATAGENE 
CLONING SYSTEMS) using an oligo(dT) cellulose column, so that poly(A) + RNA molecules were purified to obtain 42.5 
35 ^g of poly(A) + RNA. 

[0129] Single strand cDNAs were synthesized from poly(A) + RNA obtained as described above, by using reverse 
transcriptase Super Script II (produced by GIBCO BRL). In order to isolate raffinose synthase cDNA from an obtained 
cDNA mixture, amplification was performed in accordance with the PCR method. As primers in PCR, single strand oli- 
gonucleotides (SEQ ID NOs: 6 to 22) shown in Fig. 7 were synthesized on the basis of the amino acid sequences of 
40 the peptide fragments of the raffinose synthase originating from cucumber, determined in Example 2. In the sequences 
of the respective primers, R represents A or G, Y represents C or T, M represents A or C, K represents G or T, D rep- 
resents G, A, or T, H represents A, T, or C, B represents G, T, or C, N represents G, A, T, or C, and I represents inosine 
(base: hypoxanthine) respectively. 

[0130] A DNA fragment of about 540 base pairs was amplified when the primers were combined such that the 5'- 
45 side primer was A (A1 (SEQ ID NO: 6), A2 (SEQ ID NO: 7), A3 (SEQ ID NO: 8), A4 (SEQ ID NO: 9)) and the 3'~side 
primer was D f (D'1 (SEQ ID NO: 21), D'2 (SEQ ID NO: 22)), or the 5'-skte primer was C2 (SEQ ID NO: 14) and the 3'- 
side primer was B'1 (SEQ ID NO: 18) or B'2 (SEQ ID NO: 1 9). The fragment was cloned into a plasmid pCRII by using 
TA cloning kit (produced by INVITROGEN BV) to analyze its nucleotide sequence. As a result, a nucleotide sequence 
coding for the amino acid sequences of Peptides 1 , 2 was found inwardly between the primer sequences at both termi- 
so nals. Accordingly, it was found that the amplified fragment is a DNA fragment originating from the raffinose synthase 
gene. 

[0131 ] In order to specify the position of the cloned PCR-amplified DNA fragment on the raffinose synthase gene, 
3'- RACE was performed by using RACE kit (3' Ampifinder RACE Kit, produced by CLONTACH). 
[0132] PCR was performed by using the cDNA mixture as a template, C (C1 (SEQ ID NO: 13), C2 (SEQ ID NO: 
55 14)) as a 5'-side primer, and a primer having oligo(dT) and an anchor sequence as a 3'-skJe primer. Further, PCR was 
performed by using an amplified fragment thus obtained as a template, D (D1 (SEQ ID NO: 15), D2 (SEQ ID NO: 16)) 
located inwardly from C as a 5-side primer, and an oligo(dT)-anchor primer as a 3'-side primer. As a result, a DNA frag- 
ment of about 2400 base pairs was amplified only when PCR was performed by using, as the t mplate, DNA amplified 
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with C1 (SEQ ID NO: 13) or C2 (SEQ ID NO: 14) and the oligo(dT)-anchor primer, and using D2 (SEQ ID NO: 16) and 
th oligo(dT)-anchor primer. Further, PGR was performed by using C (C1 (SEQ ID NO: 13), C2 (SEQ ID NO: 14)) as 
the 5'-side primer and the oJigo(dT)-anchor primer as th 3'-side primer, and then PGR was performed by using the 
amplified fragment thus obtained as a template, E (SEQ ID NO: 17) as a 5'-side primer, and the oligo(dT)-anchor primer 

s as a 3' -side primer. As a result, a DNA fragment of about 300 base pairs was amplified in any case. 

[0133] Similarly, PCR was performed by using A (A1 (SEQ ID NO: 6), A2 (SEQ ID NO: 7), A3 (SEQ ID NO: 8), or 
A4 (SEQ ID NO: 9)) as a 5'-skJe primer, and the primer having oligo(dT) and the anchor sequence as a 3'-side primer. 
Further, PCR was performed by using an amplified fragment thus obtained as a template, and using B (B1 (SEQ ID NO: 
10), B2 (SEQ ID NO: 1 1), or B3 (SEQ ID NO: 12)) located inwardly from A as a 5 ? -skJe primer, and the same oligofdT)- 

10 anchor primer as a 3'-side primer. As a result, a DNA fragment of about 2000 base pairs was obtained when the B2 
primer was used even in the case that any of the A primers was used. Thus the DNA fragment amplified by using the 
A2 and B2 primers was cloned. As a result of nucleotide sequence analysis, the DNA fragment included, on the 5-side, 
the nucleotide sequence coding for the amino acid sequence of Peptide fragment 1 used to prepare the primer. The 
DNA fragment also included, on the 3 ? -side ( the poly(A) sequence and the nucleotide sequence corresponding to Pep- 

is tide fragment 3 at a position located upstream therefrom. 

[0134] In view of the result of PGR described above, it was found that Peptide fragments of the raffinose synthase 
are arranged from the N-terminal side in an order of 2, 1 , 3, and the DNA fragment of about 540 base pairs previously 
obtained by PGR was a portion located near to the S'-terminal on the raffinose synthase gene. In order to screen a 
cDNA clone containing the entire length of the raffinose synthase gene, it is desirable that DNA to be used as a probe 

20 can detect a portion near to the S'-terminal side. Accordingly, the obtained DNA fragment was used as a probe to per- 
form screening for a cDNA library. 

<2> Cloning of entire length of coding region of raffinose synthase cDNA 

25 [01 35] At first, a cDNA library was prepared as follows. Double strand cDNAs were synthesized from poly(A) + RNA 
(3.8 m9) obtained in the foregoing item <l )by using Time Saver cDNA synthesis kit (produced by Pharmacia Biotech). 
Obtained cDNAs were incorporated into EcoRI restriction enzyme cleavage site of X phage vector, AMOSSlox (pro- 
duced by Amersham) respectively, and then incorporated into the phage protein by using Gigapackll Gold packaging 
kit (produced by STEATAGENE CLONING SYSTEMS). Thus the cucumber cDNA library was prepared. This library 

30 had a titer of 1 .46 x 1 0 7 pf u/^g vector. 

[01 36] Host cells of Escherichia coQ ER1647 were infected with the phages contained in the cucumber cDNA library 
in an amount corresponding to 1 .4 x 1 0 5 pfu, and then the cells were spread over 14 agar plates each having a diameter 
of 90 mm to give 1 .0 x 10 4 pfu per plate. The cells were cultivated at 37°C for about 6.5 hours. After that, phage plaques 
formed on the plates were transferred to nylon membranes (Hybond-N+, produced by Amersham). 

35 [0137] Next, the nylon membranes were treated with alkali to denature transferred DNA, followed by neutralization 
and washing. After that, the nylon membranes were treated at 80°C for 2 hours to fix DNA on the membranes. 
[0138] Positive clones were screened on the obtained nylon membrane by using the DNA fragment of about 540 
base pairs obtained in the foregoing item (I )as a probe. The DNA fragment of about 540 base pairs was digested with 
restriction enzyme Eco RI, followed by electrophoresis to excise and purify only the insert of about 540 base pairs. The 

40 insert was labeled with fluorescein by using DNA labeling and detection system (Gene Images labeling and detection 
system, produced by Amersham) to be used as the probe. The nylon membranes were subjected to prehybridization at 
60° C for 30 minutes, and then the labeled probe was added to perform hybridization at 60°C for 16 hours. An antibody 
(alkaline phosphatase-labeled anti-fluorescein antibody) for detecting the labeled DNA was used after being diluted 
50000 times. In this screening process, candidate strains for positive clones were obtained. The obtained candidate 

45 strains were further subjected to repeated screening twice in the same manner as described above to obtain a purified 
positive clone. 

[0139] Eacherichia coii BM25.8 was infected with the positive clone, and it was cultivated on a selection medium 
containing carbenicillin. Aplasmid vector A,MOSSlox-CRS containing cDNA was excised therefrom. The inserted cDNA 
of the plasmid had a length of about 2.5 kb. Escherichia coli JM109 was transformed with the plasmid. Plasmid DNA 

so was prepared from a transformant, and was used as a sample for analyzing the nucleotide sequence. 

[0140] The nucleotide sequence of the inserted cDNA was analyzed by using Tag DyeDeoxy Terminator Cycle 
Sequencing Kit (produced by Perkin-Elmer) in accordance with the conventionally known method. 
[0141 ] As a result, a nucleotide sequence comprising 2352 base pairs as shown in SEQ ID NO: 4 in Sequence List- 
ing was revealed. The sequence included a portion coincident with the nucleotide sequence of the DNA probe used by 

55 the present inventors. An amino acid sequence translated from the nucleotide sequence is shown in SEQ ID NOs: 4 
and 5. The amino acid sequence included portions coincident with Peptide 1 (amino acid numbers of 215 to 244 in SEQ 
ID NO: 5), Peptid 2 (amino acid numbers of 61 to 79 in SEQ ID NO: 5), and Peptide 3 (amino acid numbers of 756 to 
769 in SEQ ID NO: 5) of the raffinose synthase originating from cucumber obtained by the present inv ntors. Thus it 
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was confirmed that the amino acid sequence codes for the raffinose synthase. 

[0142] The transformant, designated as AJ1 3263, of Escherichia coli JM1 09, which harbors the plasmid pMosslox- 
CRS containing DNA coding for the raffinose synthase obtained as described abov , has been internationally depos- 
ited on the basis of the Budapest Treaty since November 19, 1996 in National Institute of Bioscience and Human 
5 Technology of Agency of Industrial Science and Technology of Ministty of International Trade and Industry (postal code: 
305, 1-3 Higashi 1-chome, Tsukuba-shi, Ibaraki-ken, Japan), and awarded an accession number of FERM BP-5748. 

Example 4: Preparation of DNA Coding for Raffinose Synthase Originating from Soybean 

10 < 1 > Screening of probe for cloning raffinose synthase gene originating from soybean 

[0143] Northern hybridization to soybean total RNA was carried out by using the entire length of the raffinose syn- 
thase gene originating from cucumber as probe. The probe was prepared by digesting the plasmid pMossloxCRS 
obtained in Example 3 with a restriction enzyme Noll, subjecting the digest to agarose gel electrophoresis to isolate an 

is inserted fragment and labeling the isolated DNA fragment with a-P 32 dCTR As the total RNA, 30 ng of total RNA pre- 
pared from immature seeds (5 to 6 weeks after bloom) of soybean by the SDS-phenol method. After prehybridization 
for 30 minutes, the probe was added to carry out hybridization at 42°C overnight. Washing was carried out under a con- 
dition of 1 xSSC, 0.1% SDS f and 60°C. The signal of the raffinose synthase originating from cucumber as a control was 
observed, but no distinct signal was observed with respect to the RNA originating from soybean. It was considered that 

20 it was desirable to use a more conserved region rather than the entire length of the cucumber gene. 

L21 Isolation of partial fragment of raffinose synthase gene of Arabidoosis thaliana 

[0144] Pods 17 to 20 days after bloom (125 mg) of Arabidopsis thaliana were ground by a mortar with liquid nitro- 

25 gen. To the ground material, 3 ml of 2x CTAB (2% cetyltrimethylammonium bromide, 0.1 M Tris-HCI (pH 9.5), 1.4 M 
NaCI, and 0.5% mercaptoethanol) was added, and allowed to diffuse therein, followed by agitation at 65°C for 1 0 min- 
utes. After the mixture was transferred to Bluemax (50 ml; Falcon Tube), 3 ml of chloroform risoamyl alcohol (24:1 (v.-v)) 
was added thereto, followed by gentle agitation. An obtained mixture solution was centrifuged at 12000 rpm for 10 min- 
utes to collect a supernatant. The supernatant was again extracted with chloroform:isoamyl alcohol (24:1 (w)) to obtain 

30 a supernatant after centrifugation at 10000 rpm for 25 minutes. To 1 .8 ml of the supernatant, 1 .5 ml of isoamyl alcohol 
was added and mixed to obtain a precipitate after centrifugation at 12000 rpm for 15 minutes at 4°C. The precipitate 
was washed with 70% ethanol and dried, and then dissolved in 1 ml of TE buffer. To the solution, a quarter amount of 
10 M lithium chloride was added and mixed, and allowed to stand on ice for 4 hours. After centrifugation at 12000 rpm 
for 15 minutes at 4°C, a precipitate was washed with 2 M lithium chloride, and with 70% ethanol, dried and then dis- 

35 solved in 100 yl of TE buffer. To the solution, phenol :chloroform (1 :1(v/v) was added and agilated to an aqueous layer 
after centrifugation at 12000 rpm for 15 minutes at 4°C. The aqueous layer was subjected to ethanol precipitation, and 
an obtained precipitate was washed with 70% ethanol and dried, and then dissolved in 10 nl of a diethylpyrocarbonate- 
treated solution to give a sample of purified total RNA. TTie obtained total RNA was 1 8.7 ^g. Single strand cDNAs were 
synthesized from the total RNA by using reverse transcriptase Super Script II (produced by GIBCO BRL). 

40 [0145] In order to amplify a partial fragment of the raffinose synthase gene from an obtained cDNA mixture in 
accordance with the PCR method, primers were synthesized. DNAs having homology with the raffinose synthase gene 
originating from cucumber were searched on GenBank, and primers were synthesized as single strand oligonucle- 
otides (SEQ ID NOs: 25 and 26) on the basis of the conserved region. A DNA fragment of about 250 base pairs was 
amplified when PCR was carried out by using the primers and the single strand cDNA as a template. The fragment was 

45 cloned into a plasmid pCRII by using TA cloning kit (produced by INVITROGEN BV) to analyze its nucleotide sequence. 
As a result, a nucleotide sequence shown in SEQ ID NO: 27 was obtained. It was considered that the partial cDN A frag- 
ment of the raffinose synthase originating from Arabidopsis thaliana. which had homology with the raffinose synthase 
originating from cucumber, was obtained. 

so (3) Cloning of cDNA of raffinose synthase originating from soybean 

[0146] Seeds 5 to 6 weeks after bloom (4.5 g) of soybean were ground by a mortar with liquid nitrogen. From the 
ground material. 1 .3 mg of total RNA was prepared by SDS-phenol method. The total RNA was applied to an oligo(dT) 
cellulose column (poly(A) + RNA purification kit; produced by STRATAGENE CLONING SYSTEMS) to isolate about 6 jig 
ss of poly(A) + RNA From about 2 ^g of poly(A) + RNA obtained, double strand cDNAs were synthesized using Time Saver 
cDNA synthesis kit (produced by Pharmacia Biotech) with oligo dT primers. Obtained cDNAs were incorporated into 
EcoRI restriction enzyme cleavage site of X phage vector, XMOSSlox (produced by Amersham) respectively, and th n 
incorporated into the phage particles by using Gigapackll Gold packaging kit (produced by STRATACENE CLONING 
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SYSTEMS). Thus the soybean cDNA library was prepared. This library had a titer of 1.42 x 10 7 pfu/pg vector. 
[0147] Phages contained in the soybean cDNA library in an amount corresponding to 1 .4 x 1 0 5 pfu were transferred 
and fixed to nylon membrans (Hybond-N+ f produced by Amersham) as in the cucumber cDNA library. With respect to 
each plate, transfer to two membranes was carried out to prepare two sets. The obtained membranes were screened 
by using the partial cDNA fragment of the raff inose synthase originating from Arabidopsis thaliana . This DN A fragment 
was used as a probe by labelling with fluorescein by Gene Image labelling detect system (produced by Amersham). 
Hybridization and detection were carried out as in the cucumber cDNA library screening, except that washing of the 
membrane was carried out at 1xSSC and 0.1% SDSfor one on the sets and at O.lxSSC and 0.1% SDS for another. 15 
of positive clone candidates were obtained under both conditions. As to the candidates, screening as described above 
was once repeated to obtain 5 purified clones. 

[0148] Escherichia coli BM25.8 was infected with each of the positive clones, and a plasmid containing the cDNA 
was excised therefrom. Also, Escherichia coli JM109 was transformed with the plasmid, and plasmid DNA was pre- 
pared from the transfbrmant and used as a sample for sequence analysis. Sequence analysis was carried out in the 
same manner as in the case of the raff inose synthase gene originating from cucumber. Based on the sequence analy- 
sis, it was confirmed that one of 5 clones, pMOSSIoxSRS contained the entire length of the raffinose synthase gene 
originating from soybean. 

[0149] The insert fragment of pMOSSIoxSRS had a nucleotide sequence comprising 2780 base pairs as shown in 
SEQ ID NO: 23 in Sequence Listing, and encoded the raffinose synthase composed of 750 amino acids. The insert 
fragments of other clones were shorter than that of pMOSSIoxSRS and lacked 5' side of the raffinose synthase. 
[0150] The transformant, designated as AJ13379, of Escherichia coli JM109. which harbors the plasmid pMosslox- 
SRS containing a DNA fragment containing DNA coding for the raffinose synthase obtained as described above, has 
been internationally deposited on the basis of the Budapest Treaty since October 20, 1997 in National Institute of Bio- 
science and Human Technology of Agency of Industrial Science and Technology of Ministry of International Trade and 
Industry (postal code: 305, 1-3 Higashi 1-chome, Tsukuba-shi, Ibaraki-ken, Japan), and awarded an accession number 
of FERM BP-6149. 

Example 5: Chimeric gene and Transformed Plant Containing DNA Coding for Raffinose Synthase 
< 1 > Construction of plasmid containing chimeric gene 

[0151] The DNA fragment coding for the raffinose synthase was introduced into Arabidopsis thaliana by using 
LBA4404 as Agrobacterium and pBI121 (produced by CLONTECH) as a binary vector. pBI121 is a plasmid originating 
from pBIN19, which comprises nopaline synthase gene promoter connected to neomycin phosphotransferase struc- 
tural gene (NPTII), nopaline synthase gene terminator (Nos-ter), CaMV 35S promoter, GUS (0-glucuronidase) gene, 
and Nos-ter, and which has sequences for enabling transposition to plant, on both sides thereof. A Sma l site is located 
downstream from CaMV 35S promoter. An insert inserted into this site is expressed under the regulation of the pro- 
moter. 

[0152] A fragment of the raffinose synthase gene originating from cucumber obtained in Example 3 was inserted 
into the binary vector pBI121 . The raffinose synthase gene was digested with Dra l to prepare, by means of agarose gel 
electrophoresis, a DNA fragment containing 1382nd to 2529th nucleotides in SEQ ID NO: 4 in Sequence Listing. This 
fragment was ligated into the Sma l site of pBI121. Escherichia coli HB101 was transformed with the ligation reaction 
solution to obtain transformant strains, and recombinant plasmids were prepared therefrom. Two recombinant plas- 
mids, in which the raffinose synthase DNA fragment was reversely connected to CaMV 35S promoter (antisense), and 
the raffinose synthase DNA fragment was connected to CaMV 35S promoter in the ordinary direction (sense), were 
selected from the obtained recombinant plasmids. The two recombinant plasmids were designated as pBlcRSI and 
pBlcRS9 respectively. 

[01 53] Also, a plasmid containing a chimeric gene expressing the raffinose synthase was constructed. pMOSSlox- 
CRS containing the raffinose synthase gene was digested with Not l and a raffinose synthase gene fragment was pre- 
pared by means of agarose gel electrophoresis. The Not l cleavage sites of the DNA fragment were filled in by the Tag 
polymerase reaction using dNTP to obtain a CRS fragment having A bases protruded at 3' side. On the other hand, 
pBI121 was digested with Sma l. a linear DNA was purified by means of agarose gel electrophoresis, and pBI121/Smal 
having T bases added at 3* side was obtained by the Tag polymerase reaction using dTTP. After purification, the CRS 
fragment was ligated to pB1 121 /Smal. Escherichia coli HB101 was transformed with the ligation reaction solution. Plas- 
mid DNAs were prepared from the obtained transformants and digested with each of restriction enzymes Eco RI, 
Bam HI. Xhol or a combination thereof. Molecular weights of the obtained fragments were determined by agarose gel 
electrophoresis to prepare a physical map. Based on the prepared physical map, one in which the raffinose synthase 
gene was connected to the CaMV 35S promoter in th ordinary direction, was selected from the recombinant plasmids 
and designated as pBlsRSI . 
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[0154] Each of th plasmids obtained as described above was introduced into Agrobacterium LBA4404 by means 
of triparental mating of Escherichia coli HB101 containing the plasmids and A grobacterium LBA4404. 

(2) Transformation 

5 

[0155] Arabidopsis thaliana was transformed as follows. Seeds of Arabidopsis thaliana was subjected to a treat- 
ment for water absorption. After that, they were sterilized by treating them with 80% ethanol containing 1% Tween 20 
for 5 minutes, and treating them with 10% sodium hypochlorite solution also containing 1% Tween 20 for 10 minutes, 
followed by washing five times with sterilized water. The seeds were suspended in 1% low melting point agarose, and 

10 they were spread over an MS medium (MS basic medium (Murashige and Skoog, Physioloqia Plantrum. 15, 473-497 
(1962)), B5 vitamin, 10 g/L sucrose, 0.5 g/L MES, pH 5.8). The seeds were cultivated at 22°C for 1 week in a culture 
room to give a cycle comprising light irradiation for 16 hours and darkness for 8 hours. Plants with seed leaves 
expanded were subjected to setting with rock wool. Cultivation was continued under the same condition. After about 3 
weeks, decapitation was performed when the plants caused bolting to have stems of heights of several centimeters. 

is The plants were allowed to grow until a state in which first flowers bloom on elongated branches 1 week after the decap- 
itation. 

[0156] Agrobacterium harboring the introduced recombinant plasmid containing the raffinose synthase gene was 
precultivated in 2 ml of LB medium. An obtained culture was inoculated into LB medium containing 50 mg/L kanamycin 
and 25 mg/L streptomycin, followed by cultivation at 28°C for about 1 day. Bacterial cells were collected at room tern- 
20 perature, and they were suspended in a suspension medium for infiltration (1/2 MS salt, ]& Gamborg B5 vitamin, 5% 
sucrose, 0.5 g/L MES, pH 5.7 (KOH), to which, immediately before the use, benzylaminopurine was added to give a 
final concentration of 0.044 nM, and Silwet L77 was added in an amount of 200 |xl per liter (final concentration: 0.02%)) 
so that OD 600 of an obtained bacterial suspension was 0.8. 

[01 57] Rowers in bloom and fructification were removed from the plants to be subjected to infiltration. The rock wool 
25 was inverted upside down, and flowers which were not in fructification were immersed in the suspension of Agrobacte- 
rium. followed by being placed in a desiccator so that the pressure was reduced to be 40 rnmHG for 15 minutes. Seeds 
were harvested after 2 to 4 weeks. The harvested seeds were stored in a desiccator. 

[0158] Next, transformants were selected on a selection medium. The seeds were sterilized in the same manner as 
described above, and they were cultivated on a selection medium (MS salt, Gamborg B5 vitamin, 1% sucrose, 0.5 g/L 

30 MES, pH 5.8, 0.8% agar, to which antibiotics for selection, i.e., carbenicillin (final concentration: 1 00 mg/L) and kanamy- 
cin (final concentration: 50 mg/L) were added after autoclaving)) at 22°C to select resistant plants. The resistant plants 
were transferred to a fresh medium, and they were allowed to grow until true leaves expanded. Seeds were harvested 
from the obtained plants. Selection was repeated in the same manner as described above, and thus T3 seeds were 
obtained. The T3 seeds were measured for the raffinose content in accordance with the method described above. 

35 Results are shown in Table 3. 


Table 3 


Plant 

Raffinose content (mg/g) 

Wild type 

0.20 

Transformarrt (pBlcRSI) 

0.00 

Transfbrmarrt (pBlcRS9) 

0.00 

Transformarrt (pBlsRSI) 

0.22 


Industrial Applicability 

so [0159] The present invention provides the purified raffinose synthase, the raffinose synthase gene, the chimeric 
gene comprising the raffinose synthase gene and the regulatory region expressible in plants, and the plant to which the 
chimeric gene is introduced. 

[0160] Raffinose can be efficiently synthesized from sucrose and galactinol by using the raffinose synthase of the 
present invention. The content of the raffinose family oligosaccharides in plants can be changed by utilizing the raffi- 
55 nose synthase gene or the chimeric gene of the present invention. 
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SEQUENCE LISTING 


(1) GENERAL INFORMATION: 

<i) APPLICANT; AJINOMOTO CO., INC. 
(ii) TITLE OF INVENTION: RAFFINOSE SYNTHASE GENE, METHOD FOR 

PRODUCING RAFFINOSE, AND TRANSGENIC PLANT 
(iii) NUMBER OF SEQUENCES: 30 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: AJINOMOTO CO., INC. 

(B) STREET: 15-1, Kyobashi 1-chome 
<C> CITY; Chuo-ku 

(D) STATE: Tokyo 

(E) COUNTRY: Japan 

(F) ZIP: 104 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
<B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC— DOS /MS-DOS 

(D) SOFTWARE: Patentln 
(vi) CURRENT APPLICATION DATA 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 24.10.97 
(C> CLASSFI CATION: 

(D) REFERENCE: B368AW20P628 
(vii) PRXOR APPLICATION DATA 2- 

(A) APPLICATION NUMBER: JP 1997111124 

(B) FILING DATE: 28.04.97 


(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
Phe Gly Trp Cys Thr Trp Asp Ala Phe Tyr Leu Thr val His Pro Gin 

15 10 15 

Gly Val He Glu Gly Val Arg His Leu Val Asp Gly Gly Cys 
20 25 30 


(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
Pro Val Ser Val Gly Cys Phe Val Gly Phe Asp Ala Ser Glu Pro Asp 

15 10 15 

Ser Arg His 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A> LENGTH: 14 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY r linear 
<ii) MOLECULE TYPEs peptide 

(v) FRAGMENT TYPE: internal 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
10 Tyr Asp Gin Asp Gin Met val val val Gin val Pro Trp Pro 

15 10 

(2) INFORMATION FOR SEQ ID NO: 4: 

<i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH; 2569 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA to mRNA 
(Vi) ORIGINAL SOURCE: 
20 (A) ORGANISM: cucumber (Cucumis sativas) 

(iX) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 56.. 2407 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
25 AAAAAACAAC CCTTCTTTTA JGTTTTTTGGG TTTGTTTCTT CTTTTCTTCT CACAA ATG 58 

Met 
1 

GCT CCT AGT TTT AAA AAT GGT GGC TCC AAC GTA GTT TCA TTT GAT GGC 106 
Ala Pro Ser Phe Lys Asn Gly Gly Ser Asn Val Val Ser Phe Asp Gly 

5 10 15 

TTA AAT GAC ATG ,TCG TCA CCG TTT GCA ATC GAC GGA TCG GAT TTC ACT 154 
Leu Asn Asp Met Ser Ser Pro Phe Ala lie Asp Gly Ser Asp Phe Thr 

20 25 30 

GTG AAC GGT CAT TCG TTT CTG TCC GAT GTT CCT GAG AAC ATT GTT GCT 202 
Val Asn Gly His Ser Phe Leu Ser Asp Val Pro Glu Asn lie Val Ala 
55 35 40 45 . 

TCT CCT TCT CCG TAC ACT TCG ATA GAC AAG TCC CCG GTT TCG GTT GGT 250 
Ser Pro Ser Pro Tyr Thr Ser lie Asp Lys Ser Pro Val Ser Val Gly 
50 55 60 65 

TGC TTT GTT GGA TTC GAC GCG TCG GAA CCT GAT AGO CGA CAT GTT GTT 298 
40 Cys Phe Val Gly Phe Asp Ala Ser Glu Pro Asp ser Arg His Val Val 

70 75 80 

TCG ATT GGG AAG CTG AAG GAT ATT CGG TTT ATG AGT ATT TTC AGG TTT 346 
Ser lie Gly Lys Leu Lys Asp lie Arg Phe Met ser He Phe Arg Phe 
85 90 95 

^ AAG GTT TGG TGG ACT ACA CAC TGG GTT GGT CGA AAT GGT GGG GAT CTT 394 

Lys Val Trp Trp Thr Thr His Trp Val Gly Arg Asn Gly Gly Asp Leu 

100 105 110 

GAA TCG GAG ACT CAG ATT GTG ATC CTT GAG AAG TCA GAT TCT GGT CGA 442 
Glu Ser Glu Thr Gin He Val He Leu Glu Lys Ser Asp Ser Gly Arg 

115 120 125 

CCG TAT GTT TTC CTT CTT CCG ATC GTT GAG GGA CCG TTC CGA ACC TCG 490 
Pro Tyr Val Phe Leu Leu Pro He Val Glu Gly Pro Phe Arg Thr Ser 
130 135 140 145 


30 


50 


55 
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5 


15 


20 


30 


35 


45 


50 


ATT 

CAG 

CCT 

GGG 

GAT 

GAT 

GAC 

TTT 

GTC GAT 

GTT 

TGT 

GTC 

GAG 

AGT 

GGT 

538 

lie 

Gin 

Pro 

Gly 

ASp 
150 

Asp 

Asp 

Phe 

Val ASp 
155 

Val 

Cys 

Val 

Glu 

Ser 
160 

Gly 


TCG 

TCG 

AAA 

GTT 

GTT 

GAT 

GCA 

TCG 

TTC CGA 

AGT ATG 

TTG 

TAT 

CTT 

CAT 

586 

ser 

Ser Lys 

Val 

val 

A3 P 

Ala 

Ser 

Phe Arg 

Ser Met 

Leu 

Tyr 

Leu 

His 





165 





170 




175 




GCT 

GGT 

GAT 

GAT 

CCG 

TTT 

GCA 

CTT 

GTT AAA 

GAG 

GCG 

ATG 

AAG 

ATC 

GTG 

634 

Ala 

Gly Asp 

ASp 

Pro 

Phe 

Ala 

Leu 

Val Lys 

Glu Ala 

Met 

Lys 

He 

Val 




180 





185 




190 





AGG 

ACC 

CAT 

CTT 

GGA 

ACT 

TTT 

CGC 

TTG TTG 

GAG 

GAG 

AAG 

ACT 

CCA 

CCA 

OO* 

Arg 

Thr 
195 

His 

Leu 

Gly 

Thr 

Phe 
200 

Arg 

Leu Leu 

Glu 

Glu 
205 

Lys 

Thr 

Pro 

Pro 


GGT 

ATC 

GTG 

GAC 

AAA 

TTC 

GGT 

TGG 

TGC ACG 

TGG 

GAC 

GCG 

XTT 



tin 

GlV 

lie 

val 

•"r 

Lys 

Phe 

Glv 

Tra 

Cys Thr 

Trp Asp Ala 

Phe 

Tyr 



210 





215 




220 







ACG 

GTT 

CAT 

CCA 

CAG 

GGC 

GTA 

ATA 

GAA GGC 

GTG 

AGG 

CAT 


GTC 


/ / o 

Thr 

Val 

His 

Pro 

Gin 

Glv 

Val 

lie 

Glu Gly 

Val Arg 

His 

Leu 


Asp 






230 




235 








GGC 

GGT 

TGT 

CCT 

CCC 

GGT 

TTA 

GTC 

CTA ATC 

GAC 

GAT 

GGT 




n *i c 

Gly 

Gly Cys 

Pro 

Pro 

Gly 

Leu 

Val 

Leu He 

Asp ASp 

Gly 

Trp 

Gin 

Ser 





245 





250 








ATC 

GGA 

CAC 

GAT 

TCG 

GAT 

CCC 

ATC 

ACC AAA 

GAA 

GGA 

ATG 




an a 

B / 4 

lie 

Gly His 

Asp 

Ser 

ASp 

Pro 

He 

Thr Lys 

G1U 

Gly Met 


Gin 

Thr 




260 





265 




270 





GTC 

GCC 

GGC 

GAG 

GAA 

ATG 

CCC 

TGC 

CGT CTT 

TTG 

AAA 

TTC 

CAA 

GAG 

AAT 


Val 

Ala 

Gly 

Glu 

Gin 

Met 

Pro 

Cys 

Arg Leu 

Leu Lys 

Phe 

Gin 

Glu 

Asn 



275 





280 




28S 






TAG 

AAA 

TTC 

CGT 

GAC 

TAC 

GTC 

AAT 

CCC AAG 

GCC 

ACC 

GGC 

CCC 

CGA 

GCC 

970 

Tyr 

Lys 

Phe 

Arg 

ASp 

Tyr 

val 

Asn 

Pro Lys 

Ala 

Thr 

Gly 

Pro 

Arg 

Ala 


290 





295 




300 





305 


GGC 

CAG 

AAG 

GGG 

ATG 

AAG 

GCG 

TTT 

ATA GAT 

GAA 

CTC 

AAA 

GGA 

GAG 

TTT 

1018 

Gly 

Gin 

Lys 

Gly 

Met 
310 

Lys 

Ala 

Phe 

He Asp 
315 

GlU 

Leu 

Lys 

Gly 

Glu 
320 

Phe 


AAG 

ACT 

GTG 

GAG 

CAT 

GTT 

TAT 

GTT 

TGG CAT 

GCT 

TTG 

TGT 

GGA 

TAT 

TGG 

1066 

Lys 

Thr 

Val 

Glu 

His 

Val 

Tyr 

Val 

Trp His 

Ala Leu Cys 

Gly 

Tyr 

Trp 





325 





330 




335 




GGT 

GGC 

CTT 

CGC 

CCG 

CAG 

GTG 

CCT 

GGC TTG 

CCT 

GAG 

GCA 

CGT 

GTG 

ATT 

1114 

Gly 

Gly- Leu 

Arg 

pro 

Gin 

Val 

Pro 

Gly Leu 

Pro 

Glu 

Ala 

Arg 

Val 

He 




340 





345 




350 





GAG 

CCA 

GTG 

CTT 

TCA 

CCA 

GGG 

CTG 

CAG ATG 

ACG 

ATG 

GAG 

GAT 

TTG 

GCG 

1162 

Gin 

Pro 
355 

Val 

Leu 

Ser 

Pro 

Gly 

360 

Leu 

Gin Met 

Thr 

Met 
365 

Glu 

Asp 

Leu 

Ala 


GTG 

GAT 

AAG 

ATT 

GTT 

CTT 

CAT 

AAG 

GTC GGG 

CTG 

GTC 

CCG 

CCG 

GAG 

AAG 

1210 

Val 

ASp 

Lys 

He 

val 

Leu 

His 

Lys 

Val Gly 

Leu 

Val 

Pro 

Pro 

GlU 

Lys 


370 





375 




380 





385 


GCT 

GAG 

GAG 

ATG 

TAC 

GAA 

GGA 

CTT 

CAT GCT 

CAT 

TTG 

GAA 

AAA 

GTT 

GGG 

1258 

Ala 

Glu 

Glu 

Met 

Tyr 
390 

Glu 

Gly 

Leu 

Bis Ala 

395 

His 

Leu 

Glu 

Lys 

Val 

400 

Gly 


ATC 

GAC 

GGT 

GTT 

AAG 

ATT 

GAC 

GTT 

ATC CAC 

CTA 

TTG 

GAG 

ATG 

TTG 

TGT 

1306, 

lie 

Asp Gly 

Val 

Lys 

tie 

Asp 

Val 

He His 

Leu 

Leu 

GlU 

Met 

Leu 

Cys 





405 





410 




415 




GAA 

GAC 

TAT 

GGA 

GGG 

AGA 

GTG 

GAT 

TTG GCA 

AAG 

GCA 

TAT 

TAC 

AAA 

GCA 

1354 

Glu 

Asp Tyr 

Gly 

Gly 

Arg 

Val 

Asp 

Leu Ala 

Lys 

Ala 

Tyr 

Tyr 

Lys 

Ala 



420 425 430 
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ATG ACC AAA TCA ATA 

AAT 

AAA 

CAT 

TTT 

AAA 

GGA 

AAT 

GGA 

GTC 

ATT 

GCA 

1402 


Met Thr Lys Ser lie 

Asn 

Lys 

His 

Phe 

Lys 

Gly 

Asn 

Gly 

Val 

He 

Ala 



435 


440 





445 






5 

AGT ATG GAA CAT TGT 

AAC 

GAC 

TTC 

ATG 

TTC 

CTT 

GGC 

ACG 

GAA 

GCT 

ATC 

1450 


Ser Met Glu His Cya 

Asn 

Asp 

Phe 

Met 

Phe 

Leu 

Gly 

Thr 

Glu 

Ala 

He 



450 

455 





460 





465 



TCT CTT GGT CGT GTT 

GGT 

GAT 

GAC 

TTT 

TGG 

TGC 

ACG 

GAC 

CCC 

TCT 

GGT 

1498 


Ser Leu Gly Arg Val 

Gly 

Asp 

Asp 

Phe 

Trp 

Cys 

Thr 

Asp 

Pro 

Ser 

Gly 


10 

470 





475 





480 




GAT CCA AAC GGT ACG 

TTT 

TGG 

CTC 

CAA 

GGA 

TGT 

CAC 

ATG 

GTT 

CAT 

TGT 

1546 


Asp pro Asn Gly Thr 

Phe 

Trp 

Leu 

Gin 

Gly 

Cys 

His 

Met 

Val 

His 

Cys 



405 




490 





495 





GCC AAC GAC AGC TTG 

TOG 

ATG 

GGG 

AAC 

TTC 

ATC 

CAC 

CCT 

GAC 

TGG 

GAT 

1594 

15 

Ala Asn Asp Ser Lea 

Trp 

Met 

Gly 

Asn 

Phe 

He 

His 

Pro 

Asp 

Trp 

Asp 


500 



505 





510 






ATG TTC CAA TCC ACC 

CAC 

CCT 

TGT 

GCC 

GCC 

TTC 

CAT 

GCT 

GCC 

TCT 

CGA 

1642 


Met Phe Gin Ser Thr 

His 

Pro 

Cys 

Ala 

Ala 

Phe 

His 

Ala 

Ala 

Ser 

Arg 



515 


520 





525 







GCC ATC TCT GGT GGC 

CCG 

ATC 

TAT 

GTT 

AGT 

GAT 

TCT 

GTG 

GGA 

AAG 

CAT 

1690 

20 

Ala XXe Ser Gly Gly 
530 

Pro 
535 

He 

Tyr 

Val 

Ser 

Asp 
540 

Ser 

Val 

Gly 

Lys 

His 
545 



AAC TTT GAT CTT CTG 

AAA 

AAA 

CTA 

GTG 

CTT 

CCT 

GAT 

GGA 

TCG 

ATC 

CTT 

1738 


Asn Phe Asp Leu Leu 

Lys 

Lys 

Leu 

Val 

Leu 

Pro 

Asp 

Gly 

Ser 

He 

Leu 



550 





555 





560 



25 

CGA AGT GAG TAC TAT 

GCA 

CTC 

CCG 

ACT 

CGC 

GAT 

TGT 

TTG 

TTT 

GAA 

GAC 

1786 


Arg Ser Glu Tyr Tyr 

Ala 

Leu 

Pro 

Thr 

Arg 

Asp 

Cys 

Leu 

Phe 

Glu 

Asp 



565 




570 





575 





CCT TTG CAT AAT GGA 

GAA 

ACT 

ATG 

CTT 

AAG 

ATT 

TGG 

AAT 

CTC 

AAC 

AAG 

1834 


Pro Leu His Asn Gly 

Glu 

Thr 

Met 

Leu 

Lys 

He 

Trp 

Asn 

Leu 

Asn 

Lys 


30 

580 



585 





590 





TTC ACT GGA GTG ATT 

GGT 

GCA 

TTC 

AAC 

TGC 

CAA 

GGA 

GGA 

GGA 

TGG 

TGT 

1882 


Phe Thr Gly Val He 

Gly 

Ala 

Phe 

Asn 

cys 

Gin 

Gly 

Gly 

Gly 

Trp 

cys 



595 


600 





60S 







CGT GAG ACA CGC CGC 

AAC 

CAA 

TGC 

TTT 

TCA 

CAA 

TAC 

TCA 

AAA 

CGA 

GTG 

1930 


Axg Glu Thr Arg Arg 

Asn 

Gin 

Cys 

Phe 

Ser 

Gin 

Tyr 

ser 

Lys 

Arg 

Val 


35 

610 

615 





620 





625 



ACA TCC AAA ACT AAC 

CCA 

AAA 

GAC 

ATA 

GAA 

TGG 

CAC 

AGT 

GGA 

GAA 

AAC 

1978 


Thr Ser- Lys Thr Asn 

Pro 

Lys 

Asp 

He 

Glu 

Trp 

His 

Ser 

Gly 

Glu 

Asn 



630 





63S 





640 




CCT ATC TCT ATT GAA 

GGC 

GTT 

AAA 

ACC 

TTT 

GCG 

CTT 

TAC 

CTC 

TAT 

CAA 

2026 

40 

Pro He Ser He Glu 
645 

Gly 

Val 

Lys 

Thr 
650 

Phe 

Ala 

Leu 

Tyr 

Leu 
655 

Tyr 

Gin 



GCC AAA AAA CTT ATC 

CTC 

TCC 

AAG 

CCC 

TCT 

CAA 

GAT 

CTT 

GAC 

ATA 

GCT 

2074 


Ala Lys Lys Leu tie 

Leu 

Ser 

Lys 

Pro 

Ser 

Gin 

Asp 

Leu 

Asp 

He 

Ala 



660 



665 





670 





45 

CTT GAC CCA TTC GAA 

TTC 

GAG 

CTC 

ATC 

ACT 

GTT 

TCA 

CCA 

GTG 

ACC 

AAA 

2122 

Leu Asp Pro Phe Glu 
675 

Phe 

Glu 
680 

Leu 

He 

Thr 

Val 

Ser 
685 

Pro 

Val 

Thr 

Lys 



CTC ATC CAA ACT TCT 

CTA 

CAC 

TTT 

GCC 

CCA 

ATT 

GGG 

CTG 

GTG 

AAC 

ATG 

2170 


Leu lie Gin Thr Ser 

Leu 

His 

Phe 

Ala 

Pro 

He 

Gly 

Leu 

Val 

Asn 

Met 



690 

695 





700 





705 


50 

CTT AAC ACT AGT GGA 

GCC 

ATC 

CAA 

TCT 

GTG 

GAC 

TAT 

GAC 

GAT 

GAC 

CTA 

2218 


Leu Asn Thr Ser Gly 

Ala 

He 

Gin 

Ser 

Val 

Asp 

Tyr 

Asp 

Asp 

Asp 

Leu 



710 





715 





720 




55 
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15 


2266 


23X4 


2362 


2407 

Glu Tyr Leu Phe 
770 775 780 

TAATTTTTAT TTATGTARAG CTCAATGATT GTTGTTGTTG TCGCTGTTGT TGCTATCAAT 2467 
GTATTTCTCT CCAAAAGAAA ATTATGTGTA ATTTGGAGAG TAATTAAGTG AGTKAAATTT 2527 
TAAATAARAC TACTTTTAAT TATTTATCAA AAAAAAAAAA AA 2569 


AGC 

TCA 

GTC GAG 

ATT 

GGT 

GTC 

AAA GGG 

TGT 

GGT 

GAG 

ATG 

CGA 

GTA 

TTT 

Ser 

Ser 

Val Glu 

lie 

Gly 

Val 

Lys Gly 

Cys 

Gly 

Glu 

Met 

Arg 

Val 

Phe 



725 




730 





735 



GCA 

TCG 

AAA AAA 

CCA 

AGG 

GCT 

TGT CGT 

ATT 

GAT 

GGG 

GAG 

GAT 

GTT 

GGG 

Ala 

Ser 

Lys Lys 

Pro 

Arg 

Ala 

Cys Arg 

He 

Asp 

Gly 

Glu 

Asp 

Val 

Gly 



740 




745 




750 




TTC 

AAG 

TAT GAT 

CAG 

GAC 

CAA 

ATG GTG 

GTG 

GTT 

CAA 

GTG 

CCA 

TGG 

CCA 

Phe 

Lys 

Tyr Asp 

Gin 

Asp 

Gin 

Met Val 

Val 

Val 

Gin 

Val 

Pro 

Trp 

Pro 


755 




760 




765 





ATT 

GAT 

TCT TCA 

TCG 

GGT 

GGC 

ATT TCG 

GTT 

ATC 

GAG 

TAC 

TTG 

TTT 


He 

Asp 

Ser Ser 

Ser 

Gly 

Gly 

He Ser 

Val 

He 

Glu 

Tyr 

Leu 

Phe 



(2) INFORMATION FOR SEQ ID NO 2 5: 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 784 amino acids 
(S) TYPE: amino acid 
(D) TOPOLOGY: linear 
(ii> MOLECULE TYPE: protein 


(xi) SEQUENCE DESCRIPTION: SEQ ID 

N0t5: 

Met Ala Pro Ser 

Phe Lys Asn Gly Gly 

Ser 

Asn 

Val Val Ser Phe Asp 

1 

5 

10 


15 

Gly Leu Asn Asp 

Met Ser Ser Pro Phe 

Ala 

He 

Asp Gly Ser Asp Phe 

20 

25 



30 

Thr Val Asn Gly 

Bis Ser Phe Leu Ser 

Asp 

Val 

Pro Glu Asn He Val 

35 

40 



45 

Ala Ser Pro Ser 

Pro Tyr Thr Ser He 

Asp 

Lys 

Ser Pro Val Ser Val 

50 

55 



60 

Gly Cys Phe Val 

Gly Phe Asp Ala Ser 

Glu 

Pro 

Asp Ser Arg His Val 

65 

70 


75 

80 

Val Ser He Gly 

Lys Leu Lys Asp lie 

Arg 

Phe 

Met Ser He Phe Arg 


85 

90 


95 

Phe Lys Val Trp 

Trp Thr Thr His Trp 

Val 

Gly 

Arg Asn Gly Gly Asp 

100 

105 



110 

Leu Glu Ser Glu 

Thr Gin lie Val He 

Leu 

Glu 

Lys Ser Asp Ser Gly 

115 

120 



125 

Arg Pro Tyr Val 

Phe Leu Leu Pro He 

Val 

Glu 

Gly Pro Phe Arg Thr 

130 

135 



140 

Ser He Gin Pro 

Gly Asp Asp Asp Phe 

Val 

Asp 

Val Cys Val Glu Ser 

145 

150 


155 

160 

Gly Ser Ser Lys 

Val Val Asp Ala Ser 

Phe 

Arg 

Ser Met Leu Tyr Leu 


.165 

170 


175 

His Ala Gly Asp 

Asp Pro Phe Ala Leu 

Val 

Lys 

Glu Ala Met Lys lie 

180 

185 



190 

Val Arg Thr His 

Leu Gly Thr Phe Arg 

.Leu 

Leu 

Glu Glu Lys Thr Pro 

195 

200 



205 

Pro Gly He Val 

Asp Lys Phe Gly Trp 

Cys 

Thr 

Trp Asp Ala phe Tyr 

210 

215 



220 

Leu Thr Val His 

Pro Gin Gly val He 

Glu 

Gly 

Val Arg His Leu Val 

225 

230 


235 

240 

Asp Gly Gly Cys 

Pro Pro Gly Leu Val 

Leu 

He 

Asp Asp Gly Trp Gin 


55 
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245 250 255 


Ser tie Gly His Asp ser Asp Pro 

He 

Thr 

Lvs 

Glu 

Gly 

Met 

Asn 

Gin 

260 

265 





270 



Thr Val Ala Gly Glu Gin Met Pro 

Cys 

Ara 

Leu 

Leu 

LVS 

Phe 

Gin 

Glu 

275 280 





285 




A en Tvr tv«* Ph« Afci Asn TVTT Va.1 

Asn 

Pro 


Ala 

Thr 

Glv 

Pro 

Arg 





300 





Axa <»xy \*j.h i#ys viy net i*ys aia 


lie 

ASP 

vj J. U 

Leu 


i»xy 

ulu 









Ji20 

true i»ys Lar vai ulu ais vol .tyr 

vai 

rrp 

His 

AT at 

Leu 

Cys 

*»iy 

Tyr 

325 


330 





lit 


Trp Gly Gly Leu Arg Pro Gin Val 

pro 

Gly 

Leu 

Pro 


Ala 

Arg 

vax 

340 

345 





350 



He Gin Pro Val Leu Ser pro Gly 

Leu 

Gin 

Met 

Thr 

Met 

Glu 

Asp 

Leu 

355 360 





365 




Ala Val Asp Lys He Val Leu His 

Lys 

Val 

Gly 

Leu 

Val 

Pro 

Pro 

Glu 

370 375 




380 





Lys Ala Glu Glu Met Tyr Glu Gly 

Leu 

His 

Ala 

His 

Leu 

Glu 

Lys 

Val 

385 390 



395 


- 



400 

Gly He Asp Gly Val Lys lie Asp 

val 

He 

His 

Leu 

Leu 

Glu 

Met 

Leu 

405 


410 





415 


Cys Glu Asp Tyr Gly Gly Arg Val 

Asp 

Leu 

Ala 

Lys 

Ala 

Tyr 

Tyr 

Lys 

420 

425 





430 



Ala Met Thr Lys Ser He Asn Lys 

His 

Phe 

Lys 

Gly 

Asn 

Gly 

Val 

lie 

435 440 





445 




Ala Ser Met Glu His Cys Asn Asp 

Phe 

Met 

Phe 

Leu 

Gly 

Thr 

Glu 

Ala 

450 455 




4ov 





lie ser Leu v»iy Arg vax exy Asp 

Asp 

rue 

Trp 

Cys 

llll 

Asp 

Pro 


465 470 



17c; 





480 

**xy Asp JrXO ash wxy *«r Jrne xrp 

Leu 

uin 

t»xy 

Cys 

His 

Met 

Val 

His 

ADC 


* V w 





495 


f«d &i3 aaa Leii Tra Met 

Glv 

Asn 

Phe 

He 

His 

Pro 

Asp 


500 

505 





510 



Asp Met Phe Gin Ser Thr His Pro 

Cvs 

Ala 

Ala 

Phe 

His 

Ala 

Ala 

Ser 

515 52Q 





525 




Arg Ala He Ser Gly Gly Pro He 

Tyr 
* 

Val 

Ser 

Asp 

Ser 

val 

Gly 

Lys 

530 535 




540 





His Asn Phe Asp Leu Leu Lys Lys 

Leu 

Val 

Leu 

Pro 

Asp 

Gly 

Ser 

He 

545 550 



555 





560 

Leu Arg Ser Glu Tyr Tyr Ala Leu 

Pro 

Thr 

Arg 

Asp 

Cys 

Leu 

Phe 

Glu 

565 


570 





575 


Asp Pro Leu His Asn Gly Glu Thr 

Met 

Leu 

Lys 

He 

Trp 

Asn 

Leu 

Asn 

580 

585 





590 



Lys Phe Thr Gly Val He Gly Ala 

Phe 

Asn 

Cys 

Gin 

Gly 

Gly 

Gly 

Trp 

595 600 





605 




Cys Arg Glu Thr Arg Arg Asn Gin 

Cys 

Phe 

Ser 

Gin 

Tyr 

Ser 

Lys 

Arg 

610 615 




620 





Val Thr Ser Lys Thr Asn Pro Lys 

Asp 

He 

Glu 

Trp 

His 

Ser 

Gly 

Glu 

625 630 



635 





640 

Asn Pro He Ser He Glu Gly Val 

Lys 

Thr 

Phe 

Ala 

Leu 

Tyr 

Leu 

Tyr 

645 


650 





655 


Gin Ala Lys ivys Leu He Leu Ser 

Lys 

Pro 

Ser 

Gin 

Asp 

Leu 

Asp 

He 

660 

665 





670 



Ala Leu Asp Pro Phe Glu Phe Glu 

Leu 

He 

Thr 

Val 

Ser 

Pro 

Val 

Thr 
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675 





680 




685 

Lys 

Leu 

lie 

Gin 

Thr 

Ser 

Leu 

His 

Phe 

Ala 

Pro He 

Gly Leu Val Asn 


690 





695 




700 


Met 

Leu 

Asn 

Thr 

Ser 

Gly 

Ala 

He 

Gin 

Ser 

Val Asp 

Tyr Asp Asp Asp 

705 





710 





715 

720 

Leu 

Ser 

Ser 

val 

Glu 

He 

Gly 

Val 

Lys 

Gly Cys Gly 

Glu Met Arg Val 





72S 





730 


735. 

Phe 

Ala 

Ser 

Lys 

Lys 

Pro 

Arg 

Ala 

Cys 

Arg 

He Asp 

Gly Glu Asp Val 




740 





745 



750 

Gly 

Phe 

Lys 

Tyr 

Asp 

Gin 

Asp 

Gin 

Met 

Val 

Val Val 

Gin Val Pro Trp 



755 





760 




765 

Pro 

He 

Asp 

Ser 

Ser 

Ser 

Gly 

Gly 

He 

Ser 

Val He 

Glu Tyr Leu Phe 


770 





775 




780 


(2) 

INFORMATION 

FOR 

SEQ 

ID NO:6: 






(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS ; single 

" <D) TOPOLOGY: linear 
<ii> MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION : /desc- "Synthetic DNA* 
(XX) SEQUENCE DESCRIPTION: SEQ XD NO: 6: 
TTYTAYCTBA CHGTNCAYCC TCA 

(2) INFORMATION FOR SEQ ID NO?7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc* "Synthetic DNA" 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

TTYTAYCTBA CHGTNCAYCC CCA 

(2) INFORMATION FOR SEQ ID HO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc* -Synthetic DNA" 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8$ 
TTYTAYCTBA CHGTNCAYCC ACA 

(2) INFORMATION FOR SEQ ID NO;9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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<A) DESCRIPTION: /desc- 'Synthetic DNA- 
(xi) SEQUENCE DESCRIPTION ; SBQ ID NO: 9 J 
TTYTAYCTBA CHGTNCAYCC GCA 


(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHAKACTBRISTICS: 
<A> LENGTH: 26 base pairs 
(B) TYPE: nucleic acid 
<C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc« -Synthetic DHA" 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at 6 and 11 ~ inosine 

other n * A, G, c, or T 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GARGGNGTNM GNCAYCTRGT NGAYGG 


(2> INFORMATION FOR SEQ ID NO: lis 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS z single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc» "Synthetic DNA* 

(ix) FEATURE: 

(D) OTHER INFORMATION: N at 6 and 11 - inosine 

other n - a, G, c, or t 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GARGGNGTNM GNCAYCTYGT NGAYGG 

(2) INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 base pairs 
- (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc* "Synthetic DMA" 
(iX) FEATURE: 

(D) OTHER INFORMATION: N at 6 and 11 - inosine 

Other N - A, G r C, or T 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GARGGNGTNM GNCAYTTRGT NGAYGG 


(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc* ^synthetic DNA* 
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(IX) FEATURE: 

(D) OTHER INFORMATION: H at 3 - inosine 

Other N ~ A, G, C, or T 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GTNGGNTGYT TYGTNGGYTT YGAYGC 


(2) INFORMATION POR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 26 bade pairs 
{&) TYPE? nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc« "Synthetic DNA" 
(ix) FEATURE: 

(D) OTHER INFORMATION £ H Jt 3 * inosine 

Other N » A, G, C, or T 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GTNGGNTGYT TYGTNGGRTT YGAYGC 


(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION : /desc* -Synthetic DNA" 
(ix) FEATURE: 

(D) OTHER INFORMATIONS N at 9 and 11 « inosine 

other N * A f G # C # or T 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
TTYGAYGCNT CNGARCCHGA YTCDCGNCA 


(2) INFORMATION FOR SEQ ID NO: 16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc* -Synthetic DNA" 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at 9 and 11 - inoaine 

Other N » A, G, C, or T 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
TTYGAYGCNT CNGARCCHGA YTCDAGYCAY 


(2) INFORMATION FOR SEQ ID NO: 17: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc* "Synthetic DNA» 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GAYCARGAYC TRATGGTNGT 


(2) INFORMATION FOR SEQ ID NO:18: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION : /desc* "Synthetic DNA" 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at 6 and 15 ~ inosioe 

Other N » A, G, c, or T 
(Xi) SEQUENCE DESCRIPTION: SEQ IO NO: 18 ; 
CCRTCNACYA GRTGNCKNAC NCCYTC 

(2) INFORMATION FOR SEQ ID NO: 19: 
(X) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 base pairs 
<B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY i linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTIONS /dese* "Synthetic DNA- 
(iX) FEATURE: 

(D) OTHER INFORMATION: N at 6 and 15 * inosine 

Other N - A, G, C, or T 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 19: 
CCRTCNACRA GRTGNCKNAC NCCYTC 


(2) INFORMATION FOR SEQ ID NO:20: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc= "Synthetic DNA" 
(ix) FEATURE t 

<D> OTHER INFORMATION: N at 6 and 15 * inosine 

Other N - A, G, C, or T 
(xi) SEQUENCE DESCRIPTION i SEQ ID NO: 20: 
CCRTCNACYA TRTGNCKNAC NCCYTC 


(2) INFORMATION FOR SEQ ID NO: 21: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE? nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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15 


(A) DESCRIPTIONS /desc* "Synthetic DHA* 
(ix) FEATURE; 

(D) OTHER INFORMATION: » at 3 and 18 * inosine 
5 Other N =* A, G, C, or T 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2ls 
TGNCGHGART CDGGYTCNGA NGCRTCRAA 29 

(2) INFORMATION FOR SEQ ID NO: 22: 
10 (x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TTPEs nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
<ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc» "Synthetic DNA" 
(ix) FEATURE: 

(D) OTHER INFORMATION: N at 19 * inosine 

Other N * A, G, C, or T 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
20 RTGRCTHGAR TCDGGYTCNG ANGCRTCRAA 30 

(2) INFORMATION FOR SEQ ID NO:23: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2780 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: CDNA to nRNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: soybean (Glycine max cv. Clark63) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 156.-2405 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
TCTTCCATTG GAG0ACCATT TCCTCCTGGA ATAGAAATAC TACCACACTT TTCTTTTTTC 60 
35 ACTTCTCTAA GTTGCTAAGT TAATTGCTCC TTCATTTTTT CACTCTTCGT TCTCGCGTAC 120 

CCGTGTCACG GTAACTCGTG GTGAAGTGTT CGAAA ATG ACT GTC ACA CCT AAG 173 

Met Thr Val Thr Pro Lys 
1 5 

ATC TCA GTT AAC GAT* GGG AAA CTT GTT GTC CAT GGT AAG ACC ATT CTG 221 
40 lie ser Val Asn Asp Gly Lys Leu val Val His Gly Lys Thr lie Leu 

10 15 20 

ACT GGA GTG CCA GAC AAC GTT GTG CTG ACT CCA GGT TCT GGA AGG GGT 269 
Thr Gly Val Pro Asp Asn Val Val Leu Thr Pro Gly Ser Gly Arg Gly 

25 30 35 

CTT GTG ACT GGT GCT TTT GTT GGT GCC ACA GCT TCA CAC AGC AAA AGT 317 
45 Leu Val Thr Gly Ala Phe Val Gly Ala Thr Ala Ser His Ser Lys Ser 

40 ' 45 50 

CTC CAT GTG TTT CCA ATG GGT GTT TTA GAG GGG CTC CGG TTC ATG TGT 365 
Leu His Val Phe Pro Met Gly Val Leu Glu Gly Leu Arg Phe Met Cys 
55 60 65 70 

SO TGT TTC CGG TTC AAG TTA TGG TGG ATG ACT CAG AGA ATG GGA ACT TGT 413 

Cys Phe Arg Phe Lys Leu Trp Trp Met Thr Gin Arg Met Gly Thr Cys 
75 80 8S 


25 


30 


55 
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10 


15 


25 


30 


40 


45 


GGG 

AGG 

GAT 

GTT 

CCT 

CTG 

GAG 

ACT 

CAA 

TTC 

ATG 

CTT 

ATT 

GAG 

AGC AAA 

461 

Gly Arg 

Asp 

Val 

pro 

Leu 

Glu 

Thr 

Gin 

Phe 

Met 

Leu 

He 

Glu 

Ser Lys 





90 





95 





100 


GAG 

AGT 

GAA 

ACT 

GAT 

GGG 

GAG 

AAT 

TCT 

CCA 

ATC 

ATC 

TAC 

ACT 

GTC TTG 

509 

Glu 

Ser 

Glu 
105 

Thr 

Asp 

Gly 

Glu 

Asn 
110 

Ser 

Pro 

He 

lie 

Tyr 
115 

Thr 

Val Leu 


CTT 

CCT 

CTC 

CTC 

GAA 

GGT 

CAA 

TTC 

CGA 

GCT 

GTT 

CTT 

CAA 

GGC 

AAT GAC 

557 

Leu 

Pro 

Leu 

Leu 

Glu 

Gly 

Gin 

Phe 

Arg 

Ala 

val 

Leu 

Gin 

Gly 

Asn Asp 



120 





125 





130 




AAG 

AAC 

GAG 

ATA 

GAG 

ATT 

TGC 

CTC 

GAG 

AGT 

GGG 

GAT 

AAT 

GCA 

GTT GAG 

605 

Lys 

Asn 

Glu 

He 

Glu 

He 

Cys 

Leu 

Glu 

Ser 

Gly 

Asp 

Asn 

Ala 

Val- Glu 


135 





140 





145 




150 


ACT 

GAC 

CAA 

GGC 

CTT 

CAC 

ATG 

GTT 

TAG 

ATG 

CAT 

GCT 

GGG 

ACC 

AAT CCC 

653 

Thr Asp 

Gin 

Gly 

Leu 

Bis 

Met 

Val 

Tyr 

Met 

His 

Ala 

Gly 

Thr 

Asn Pro 






155 





160 





165 


TTT 

GAA 

GTC 

ATC 

AAT 

CAA 

GCT 

GTC 

AAG 

GCT 

GTG 

GAA 

AAA 

CAC 

ATG CAA 

701 

Phe 

GlU 

Val 

He 
170 

Asn 

Gin 

Ala 

Val 

Lys 
175 

Ala 

Val 

Glu 

Lys 

Bis 
180 

Met Gin 


ACT 

TTT 

CTT 

CAT 

CGT 

GAG 

AAG 

AAA 

AGG 

TTG 

CCA 

TCT 

TGT 

CTT 

GAC TGG 

749 

Thr 

Phe 

Leu 
185 

His 

Arg 

GlU 

Lys 

Lys 
190 

Arg 

Leu 

Pro 

ser 

Cys 
195 

Leu 

Asp Trp 


TTT 

GGA 

TGG 

TGC 

ACA 

TGG 

GAT 

GCT 

TTC 

TAT 

ACT GAT 

GTC 

ACA 

GCT GAG 

797 

Phe Gly 

Trp 

Cys 

Thr 

Trp 

Asp 

Ala 

Phe 

Tyr 

Thr 

ASp 

Val 

Thr 

Ala Glu 



200 





205 





210 





GGT 

GTT 

GAG 

GAA 

GGC 

CTG 

AAA 

AGT 

CTA 

TCA 

CAG 

GGA 

GGT 

ACA 

CCT CCA 

845 

Gly Val 

Glu 

Glu 

Gly 

Leu 

Lys 

ser 

Leu 

Ser 

Gin Gly 

oiy 

Thr 

Pro Pro 


215 





220 





225 




230 


CGA 

TTC 

CTC 

ATC 

ATA 

GAT 

GAT 

GGT 

TGG 

CAA 

CAG 

ATT 

GAA 

AAT 

AAA GCA 

893 

Arg Phe 

Leu 

He 

He 

Asp 

Asp 

Gly 

Trp 

Gin 

Gin 

He 

Glu 

Asn 

Lys Ala 






235 





240 





245 


AAG 

GAT 

GCT 

ACT 

GAA 

TGT 

TTG 

GTA 

CAA 

GAA 

GGA 

GCA 

CAG 

TTT 

GCT ACT 

941 

Lys 

Asp 

Ala 

Thr 

Glu 

Cys 

Leu 

Val 

Gin 

Glu 

Gly Ala 

Gin 

Phe 

Ala Thr 





250 





255 





260 



AGG 

TTG 

ACT 

GGT 

ATT 

AAA 

GAG 

AAT 

ACT 

AAA 

TTT 

CAA 

AAG 

AAA 

TTA CAG 

989 

Arg Leu 

Thr 

Gly 

He 

Lys 

Glu 

Asn 

Thr 

Lys 

Phe 

Gin 

Lys 

Lys 

Leu Gin 




265 





270 





275 




AAC 

AAT 

GAG 

CAG 

ATG 

TCA 

GGT 

CTG 

AAG 

CAT 

CTA 

GTA 

CAT 

GGA 

GCA AAG 

* 1037 

Asn 

Asn 
280 

Glu 

Gin 

Met 

Ser 

Gly 
285 

Leu 

Lys 

His 

Leu 

Val 
290 

His 

Gly 

Ala Lys 


CAG 

CAT 

CAC 

AAT 

GTG 

AAA 

AAT 

GTA 

TAT 

GTA 

TGG 

CAT 

GCA 

CTA 

GCT GGT 

1085 

Gin 

His 

Bis 

Asa 

Val 

Lys 

Asn 

Val 

Tyr 

VaX 

Trp His 

Ala 

Leu 

Ala Gly 


295 





300 





305 




310 


TAT 

TGG 

GGT 

GGA 

GTG 

AAG 

CCA 

GCA 

GCA 

ACC 

GGC 

ATG 

GAA 

CAT 

TAT GAC 

1133 

Tyr Trp 

Gly 

Gly 

Val 

Lys 

Pro 

Ala 

Ala 

Thr 

Gly Met 

Glu 

His 

Tyr Asp 






315 





320 





325 


ACT 

GCC 

TTG 

GGA 

TAT 

CCA 

GTG 

CAG 

TCA 

CCA 

GGC 

GTG 

CTA 

GGA 

AAC CAA 

1181 

Thr 

Ala 

Leu 

Ala 

Tyr 

Pro 

Val 

Gin 

Ser 

Pro 

Gly Val 

Leu 

Gly 

Asn Gin 





330 





335 





340 



CCA 

GAC 

ATT 

GTC 

ATG 

GAC 

AGC 

TTG 

GCT 

GTA 

CAT 

GGC 

CTT 

GGC 

CTA GTG 

1229 

Pro Asp 

He 

Val 

Met 

ASp 

Ser 

Leu 

Ala 

Val 

His 

Gly 

Leu 

Gly 

Leu Val 




345 





350 





355 




CAC 

CCA 

AAG 

AAG 

GTT 

TTC 

AAT 

TTC 

TAC 

AAC 

GAG 

CTC 

CAT 

GCT 

TAC TTA 

1277 

His 

Pro 

Lys 

Lys 

Val 

Phe 

Asn 

Phe 

Tyr 

Asn 

Glu 

Leu 

His 

Ala 

Tyr Leu 



360 365 370 


34 
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GCT TCT TGT 

GGA 

GTA 

GAT 

GGA 

GTG 

AAG 

GTT GAT 

GTG 

CAG 

AAC 

ATT 

ATT 

1325 


Ala Ser Cys 

Gly 

Val 

Asp 

Gly 

Val 

Lys 

val Asp 

Val 

Gin 

Asn 

He 

He 


5 

375 



380 




385 





390 


GAG ACC err 

GGT 

GCG 

GGA 

CAT 

GGT 

GGC 

CGA GTG 

TCA 

CTT 

ACT 

CGC 

AGC 

X373 


Glu Thr Leu 

Gly 

Ala 
395 

Gly 

His 

Gly 

Gly 

Arg Val 
400 

Ser 

Leu 

Thr 

Arg 
405 

ser 



TAT CAT CAC 

GCG 

CTT 

GAG 

GCT 

TCC 

ATT 

GCT AGC 

AAT 

TTT 

ACT 

GAT 

AAC 

1421 


Tyr His His 

Ala 

Leu 

Glu 

Ala 

Ser 

lie 

Ala Ser 

Asn 

Phe 

Thr 

Asp 

Asn 


10 


410 





415 




420 




GGA TGC ATT 

GCG 

TGT 

ATG 

TGT 

CAC 

AAC 

ACT GAT 

GGA 

CTT 

TAT 



1*0 J 


Gly Cys lie 

Ala 

Cys 

Met 

Cys 

Bis 

Asn 

Thr Asp 

Gly Leu Tyr 

Ser 

-Ala 



425 





430 




435 






AAG CAG ACT 

GCT 

ATT 

GTG 

AGA 

GCT 

TCT 

GAT GAT 

TTT 

TAC 

CCT 

CGT 

CAT 
UnX 

131 / 

15 

Lv3 Gin Thr 
440 

Ala 

He 

Val 

445 

Ala 

Ser 

Asd Ann 

Phe 
450 

Tyr 

Pro 

At- ft 

Asp 



rn 1 gc*t Tea 

CAT 

ACC 

ATC 

CAT 

ATT 

TCT 

TCT GTT 

GCA 

TAC 

AAC 

ILA 

VrlA 



PrA Ala Set" 

His 

Thr 

He 

His 

He 

Ser 

Ser Val 

Ala 

Tyr Asn 

£)BX7 

Leu 






460 




465 







SO 

JiXVr WAX \JV" 

GAA 

TTC 

ATG 

CAA 

CCT 

GAC 

TGG GAC 

ATG 

TTT 

CAT 



lolJ 

tr ajcu urxjf 

Glu 

Phe 
475 

Met 

Gin 

Pro 

Asp 

Trp Asp 
480 

Met 

Phe 

His 

Ocx 

Leu 



cac r*f*A fiPA 

V-AVr v*k*t». vn«A 

GCA 

GAT 

TAT 

CAT 

GCT 

GCA 

GCT CGT 

GCA ATT 

GGT 


TGT 

J.OD1 


nj« n«>n Ala 

*1X>5f «xv AX u 

Ala 

Asp 


His 

Ala 

Ala 

Ala Arg 

Ala 

lie Gly 


Cys 




490 





495 




500 




25 

V»V*X AX X XAX 


AGT 

GAC 

AAG 

CCA 

GGC 

AAT CAC* 

AAT 

TTT 

GAT 

CTT 

CI A X 

1 TOO 


Pro He Tyr 

Val 

Ser 

Asp 

w j a 

Pro 

Glv 

Asn His 

Asn 

Phe Asp 


Leu 



505 





510 




515 






AAG AAG CTG 

GIT 

CTC 

CCG 

GAT 

GGT 

TCG 

GTT CTC 

CGT 

GCT 

CAG 

TTA 

CCT 

1757 


Lys Lys Leu' 

Val 

Leu 

Pro 

Asp 

Gly 

Ser 

Val Leu 

Arg 

Ala 

Gin 

Leu 

Pro 


30 

520 




525 




530 






GGC AGG CCA 

ACT 

CGT 

GAT 

TCT 

CTA 

TTT 

GTG GAT 

CCA 

GCC 

AGA 

GAT 

AGG 

1805 


Gly Arg Pro 

Thr 

Arg 

Asp 

Ser 

Leu 

Phe 

Val Asp 

Pro 

Ala 

Arg 

Asp 

Arg 



535 



540 




545 





550 



ACT AGC TTG 

CTC 

AAA 

ATA 

TGG 

AAC 

CTG 

AAC AAA 

TGC 

TCT 

GGA 

GTT 

GTT 

1853 


Thr Ser Leu 

Leu 

Lys 

He 

Trp 

Asn 

Leu 

Asn Lys 

Cys Ser Gly 

Val 

val 


35 



555 





560 




565 




GGT GTA TTT 

AAC 

TGC CAA 

GGT 

GCT 

GGA 

TGG TGC 

AAG 

ATA 

GAG 

AAG 

AAA 

1901 


Gly Val Fhe 

Asa 

Cys Gin 

Gly 

Ala 

Gly 

Trp Cys 

Lys 

He 

Glu 

Lys 

Lys 




570 





575 




580 





ACC CGC ATC 

CAT 

GAT* 

ACA 

TCT 

CCT 

GGT 

ACA CTC 

ACC 

GCC 

TCT 

GTC 

TGC 

1949 

40 

Thr Arg He 

His 

Asp Thr 

Ser 

Pro 

Gly 

Thr Leu 

Thx- 

Ala 

Ser 

Val 

Cys 



585 





590 




595 






GCC TCT GAT 

GTT 

GAC 

CTC 

ATC 

ACA 

CAA 

GTA GCA 

GGT 

GCT 

GAA 

TGG 

CTT 

1997 


Ala Ser Asp 

Val 

Asp Leu 

lie 

Thr 

Gin 

Val Ala 

Gly Ala Glu 

Trp 

Leu 



600 




605 




610 






45 

GGA GAT ACA 

ATT 

GTT 

TAT 

GCT 

TAG 

AGA 

TCA GGT 

GAG 

GTG ATT 

CGG 

CTA 

2045 

Gly Asp Thr 

He 

Val Tyr 

Ala 

Tyr 

Arg 

Ser Gly 

Glu 

Val 

He 

Arg 

Leu 



615 



620 




625 





630 ' 



CCA AAA GGG 

GTT 

TCA ATT 

CCA 

GTG 

ACA 

CTA AAA 

GTT 

CTG 

GAG 

TTT 

GAG 

2093 


Pro Lys Gly 

val 

Ser 
635 

He 

Pro 

Val 

Thr 

Leu Lys 
640 

Val 

Leu 

Glu 

Phe 
645 

Glu 


50 

CTT TTC CAC 

TTC 

TGT 

CCA 

ATC 

CAA 

GAA 

ATA GCT 

CCA 

AGT 

ATA 

TCA 

TTT 

2141 


Leu Phe His 

Phe 
650 

Cys 

Pro 

He 

Gin 

Glu 
655 

He Ala 

Pro 

Ser 

He 
660 

Ser 

Phe 



55 
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15 


20 


25 


GCA GCA ATA GGG CTA CTG GAT ATG TTC AAC ACT GGA GGA GCA GTG GAG 2189 
Ala Ala lie Gly Leu Leu Asp Met Phe Asn Thr Gly Gly Ala Val Glu 

665 670 675 

CAG GTT GAG ATT CAT AAC CGA GCA GCA ACG AAA ACA ATA GCT CTT AGT 2237 
Gift Val Glu lie His Asn Arg Ala Ala Thr Lys Thr lie Ala Leu Ser 

680 685 690 

GTA AGG GGA AGA GGC AGA TTT GGA GTT TAC TCC TCC CAG AGA CCA CTG 2285 
Val Arg Gly Arg Gly Arg Phe Gly Val Tyr Ser Ser Gin Arg Pro Leu 
695 700 705 710 

AAG TGT GTG GTA GGT GGC GCT GAA ACC GAC TTC AAC TAT GAC TCA GAG 2333 
Lys Cys Val Val Gly Gly Ala Glu Thr Asp Phe Asa Tyr Asp Ser. Glu 

715 720 725 

ACC GGG TTG ACA ACC TTC TCC ATT CCA GTT TCT CCA GAG GAG ATG TAC 2381 
Thr Gly Leu Thr Thr Phe ser lie Pro Val Ser Pro Glu Glu Met Tyr 

730 735 740 

AGA TGG TCA ATA GAG ATC CAA GTT TGAGTCCTTT TTAAGACTTG GTGTTTGATG 2435 
Arg Trp Ser lie Glu He Gin Val 

745 750 
CATTGTTGTA TCAGGAGAAG GGTTTTGTTG TAATTAAGCA TTGAGGGAAT TGTTGGAGTC 2495 
AGGCAGAGAG AGAGGGGGGA GGTTTGTTGT AAGACACCTA GTATTAGTAT CATGTAGTGG 2555 
AGAAAAAGGG TTGTTGATCC TAATAGCTAG ACAAGGCATG TTGTAGTAGT CATGGGGTGG 2615 
GGAAGTCCTT TTGTTGTAGC ATGTAATTTG GTTTAGACTT GTAGTATGTC ATCAATTAGA 2675 
TGGATAAAGA GAGAATATTG TTATCTACCC GAGGATGTAA CAATGTTTGT TTCTCTGAAT 2735 
AAAAAGTTCA CATCTGTCTT TTGGAATAAT AAAAAAAAAA AAAAA 2780 


(2) INFORMATION FOR SEQ ID HO:24: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH; 750 amino acids 

(B) TYPE: amino acid 
30 (D) TOPOLOGY s linear 

(ii> MOLECULE TYPE 2 protein 
(Xi) SEQUENCE DESCRIPTIONS S£Q ID NO:24: 
Met Thr Val Thr Pro Lys lie Ser Val Asn Asp Gly Lys Leu Val Val 

15 10 15 

His Gly Lys Thr He Leu Thr Gly Val Pro Asp Asn Val val Leu Thr 
35 20 25 30 

Pro Gly Ser Gly Arg Gly Leu Val Thr Gly* Ala Phe Val Gly Ala Thr 

35 40 45 

Ala Ser Bis Ser Lys Ser Leu His Val Phe Pro Met. Gly Val Leu Glu 
50 55 60 

40 Gly Leu Arg Phe Met Cys Cys Phe Arg Phe Lys Leu Trp Trp Met Thr 

65 70 75 80 

Gin Arg Met Gly Thr Cys Gly Arg Asp Val Pro Leu Glu Thr Gin Phe 

85 90 95 

Met Leu lie Glu Ser Lys Glu Ser Glu Thr Asp Gly Glu Asn Ser Pro 
45 100 105 110 

He He Tyr Thr Val Leu Leu Pro Leu Leu Glu Gly Gin Phe Arg Ala 

115 120 125 

Val Leu Gin Gly Asn Asp Lys Asn Glu He Glu He Cys Leu Glu Ser 

130 135 140 

Gly Asp Asn Ala Val Glu Thr Asp Gin Gly Leu His Met Val Tyr Met 
145 150 155 160 

His Ala Gly Thr Asn Pro Phe Glu Val He Asn Gin Ala Val Lys Ala 
165 170 175 


SO 


55 


36 


EP 0 994 186 A1 


val 

Glu Lys 

His 

Met 

Gin 

Thr Phe 

Leu His 

Ara Glu Lva 


Arg Leu 



180 




185 


190 



Pro 

Ser Cys 

Leu 

Asp 

Trp 

Phe Gly 

Trp Cys 

Thr Trr> A<m 

Ala 

Phe Tyr 


195 




200 


205 




Thr 

Asp Val 

Thr 

Ala 

Glu 

Gly Val 

Glu Glu 

%»jl,jt XiO(l bya 

Cat* 

Leu 

Ser 


210 




215 


220 




Gin 

Gly Gly 

Thr 

Pro 

Pro 

Arg Phe 

Leu lie 

Tl A ion &an 

xxe Asp Asp 

VarXy 

Trp Gin 

225 




230 



215 
* j j 



240 

Gin 


Asn 

Lys 

Ala 

T.oe ACB 

**Jf 9 AOK 

Ala Thr 

vjlu Lys i*eu 

Val 

Gin 

Glu 










255 


*»xy 

Ala Gin 

irne 

Axa 

Thr 

Arg Leu 

Thr Gly 

He Lys Glu 

Asn 

Thr Lys 



■7 en 






270 




Gin Lys 

Lys 

Leu 

&in 

Asn Asn 

Glu Gin 

Met Ser Gly 

Leu 

Lys 

His 


*> T C 

2 /> 






285 




Leu 

val His 

Gly 

Ala 

Lys 

Gin His 

His Asn 

Val Lys Asn 

val 

Tyr 

Val 






-i q tr 


300 




Trp 

His Ala 

Leu 

Ala 

Gly 

Tyr Trp 

Gly Gly 

Val Lys pro 

Ala 

Ala 

Thr 

305 




310 



315 



320 

Gly 

Met Glu 

Bis 

Tyr 

Asp 

Thr Ala 

Leu Ala 

Tyr Pro Val 

Gin 

Ser 

Pro 




325 



330 



335 


Gly 

Val Leu 

Gly 

Asn 

Gin 

pro Asp 

lie Val 

Met Asp Ser 

Leu 

Ala 

Val 



340 




345 


350 



His 

Gly Leu 

Gly 

Leu 

Val 

His Pro 

Lys Lys 

Val Phe Asn 

Phe 

Tyr 

Asn 


355 




360 


365 




Glu 

Leu His 

Ala 

Tyr 

Leu 

Ala Ser 

Cys Gly 

Val Asp Gly 

Val 

Lys 

val 


370 




3/5 


380 




Asp 

vai Gxn 

Asn 

ti- 
ne 

xxe 

Glu Thr 

Leu Gly 

Ala Gly His 

Gly 

Gly 

Arg 








"3 rt c 



400 

val 

Ser Leu 

xnr 

Arg 

aexr 

Tyr His 

uis ax a 

Leu Glu Ala 

Ser 

lie 

Axa 




405 



410 



415 


Car 

Asn Phe 

-LUX 

Asp 

Asn 

Gly Cys 

11c Aid 

^»ys nee t»ys 

nis 

Asn 

inr 



420 




425 


430 



Asp 

f51v 7. mi 

Tyr 

Ser 

Ala 


Thr Ala 

T1» Val &ra 
4ic v«i Aft] 

Ala 

Ser 

Asp 


435 




440 


445 




Aso 

phe Tyr 

Pro 

Arcr 

Asd 

****** 

Pro Ala 

Ser His 

Thr He His 

He 

Ser 

Ser 


450 




455 


460 




Val 

Ala Tyr 

Asn 

Ser 

Leu 

Phe Leu 

Gly Glu 

Phe Ket Gin 

Pro 

Asp 

Trp 

465 




470 



475 



480 

Asp 

Met Phe 

His 

Ser 

Leu 

His Pro 

Ala Ala 

Asp Tyr His 

Ala 

Ala 

Ala 




485 



490 



495 


Arg 

Ala He 

Gly 

Gly 

Cys 

Pro lie 

Tyr Val 

Ser Asp Lys 

Pro 

Gly 

Asn 



500 




505 


510 



His 

Asn Phe 

Asp 

Leu 

Leu 

Lys Lys 

Leu Val 

Leu Pro Asp 

Glv 

Ser 

Val 


515 




520 


525 




Leu 

Arg Ala 

Gin 

Leu 

Pro 

Gly Arg 

Pro Thr 

Arg Asp Ser 

Leu 

Phe 

val 


530 




535 


540 




Asp 

Pro Ala 

Arg 

Asp 

Arg 

Thr Ser 

Leu Leu 

Lys He Trp 

Asn 

Leu 

Asn 

545 




550 



555 



560 

Lys 

Cys ser 

Gly 

Val 

Val 

Gly Val 

Phe Asn 

Cys Gin Gly 

Ala 

Gly 

Trp 




565 



570 



575 


Cys 

Lys rie 

Glu 

Lys 

Lys 

Thr Arg 

He His 

Asp Thr ser 

Pro 

Gly 

Thr 



580 




585 


590 



Leu 

Thr Ala 

Ser 

Val 

Cys 

Ala Ser 

Asp Val 

Asp Leu He 

Thr 

Gin 

Val 


S95 




600 


605 





37 
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Ala 

Gly 

Ala 

GlU 

Trp 

Leu 

Gly 

Asp 

Thr 

He 

Val Tyr 

Ala Tyr Arg Ser 


610 





615 




620 


Gly 

Glu 

Val 

He 

Arg 

Leu 

Pro 

Lys 

Gly 

Val 

Ser He 

Pro val Thr Leu 

625 





630 





635 

640 

Lys 

Val 

Leu 

Glu 

Phe 

Glu 

Leu 

Phe 

His 

Phe 

Cys Pro 

He Gin Glu He 





645 





650 


655 

Ala 

Pro 

Ser 

He 

ser 

Phe 

Ala 

Ala 

He 

Gly 

Leu Leu 

Asp Met Phe Asn 




660 





665 



670 

Thr 

Gly 

Gly 

Ala 

val 

Glu 

Gin 

val 

Glu 

He 

His Asn 

Arg Ala Ala Thr 



675 





680 




685 

Lys 

Thr 

He 

Ala 

lieu 

Ser 

Val 

Arg 

Gly 

Arg 

Gly Arg 

Phe Gly Val Tyr 


690 





695 




700 


Ser 

Ser 

Gin 

Arg 

Pro 

Leu 

Lys 

Cys 

Val 

val 

Gly Gly 

Ala Glu Thr Asp 

705 





710 





715 

720 

Phe 

Asn 

Tyr 


Ser 

Glu 

Thr 

Gly 

Leu 

Thr 

Thr Phe 

Ser He Pro Val 





725 





730 


735 

Ser 

Pro 

Glu 

Glu 

Met 

Tyr 

Arg 

Trp 

Ser 

He 

Glu He 

Gin Val 


740 745 750 


(2> INFORMATION FOR SEQ ID NO:25: 
(£} SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; other nucleic acid 

(A) DESCRIPTION: /desc* "Synthetic DMA" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 25: 
ATSCAVCCTG ACTGGGATAT GTTCCA 

(2) INFORMATION FOR SEQ ID NO:26: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : Single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE:* other nucleic acid 

(A) DESCRIPTION: /desc* -Synthetic DNA" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
CGAAGGAYYG AWCCATCAGG AARHAM 

(2) INFORMATION FOR SEQ ID N0:27= 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 253 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA to mRNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Arabidopsis thaliana 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GGCTTATGCA ACCTGACTGG GAATGTTCCA TAGTCTACAC CCAACTGCAG AGTACCATGC 
TGCAGCGCGT GCAGTGGGTG GATGCGCAAT CTATGTCAGT GATAAGCCAG GCAACCACAA 
CTTTGATCTA TTGAGGAAGC TGGTTCTTCC TGATGGTTCA GTTCTTCGGG CTAAGCTCCC 
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10 


15 


20 


35 


40 


GGGTAGGCCT ACCCGTGACT GCTTATTCGC TGATCCAGCT AGAGATGGGA TCAGCTTGCT 240 
CAAGATCTGG AAC 253 

(2) INFORMATION FOR SEQ ID NO:2S: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
Phe Gly Trp Cys Thr Trp Asp Ala Phe Tyr 
15 10 

(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: Xaa at 8 - Ala or Cys 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
Val Tyr Val Trp His Ala Leu Xaa Gly Tyr Trp Gly Gly 
15 10 

(2) INFORMATION FOR SEQ ID NO = 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: Xaa at 8 " Ala or Cys 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
His Asn Phe Asp Leu Leu Lys Lys Leu Val Leu Pro Asp Gly Ser 
15 10 15 


45 Claims 

1 . A raff inose synthase having an activity to produce raff inose from sucrose and galactinol. 

2. A raff inose synthase which is a protein specified by the following (A), (B), (C) or (D): 

50 

(A) a protein which has an amino acid sequence shown in SEQ ID NO: 5 in Sequence Listing; 

(B) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or 
inversion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 5 in 
Sequence Listing, and which has an activity to produce raff inose from sucrose and galactinol; 

55 (C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

(D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or 
inversion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 24 in 
Sequence Listing, and which has an activity to produce raff inose from sucros and galactinol. 
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3. The raffinose synthase according to claim 1 , which has the following properties: 

(1) action and substrate specificity: produces raffinose from sucrose and galactinol; 

(2) optimum pH: about 6 to 8; 

(3) optimum temperature: about 35 to 40°C; 

(4) molecular weight: 

(i) about 75 kDa to 95 kDa estimated by gel filtration chromatography; 

(ii) about 90 kDa to 100 kDa estimated by polyacrylamide gel electrophoresis; and 

(Hi) about 90 kDa to 100 kDa estimated by SDS-polyacrylamide gel electrophoresis under a reduced con- 
dition; and 

(5) inhibition: inhibited by iodoacetamide, N-ethylmaleimide, and myo- inositol. 

4. The raffinose synthase according to claim 1 , which has an amino acid sequence including amino acid sequences 
shown in SEQ ID NOs: 28 to 30 in Sequence Listing. 

5. A raffinose synthase which is a protein specified by the following item (C) or (D): 

(C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

(D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or 
inversion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 24 in 
Sequence Listing, and which has an activity to produce raffinose from sucrose and galactinol. 

6. A method for producing raffinose, comprising the step of allowing the raffinose synthase as defined in any one of 
claims 1 to 5 to act on sucrose and galactinol to produce raffinose. 

7. A DNA encoding raffinose synthase as defined in any one of claims 1 to 5. 

8. A DNA coding for a protein specified by the following (A), (B), (C) or (D): 

(A) a protein which has an amino acid sequence shown in SEQ ID NO: 5 in Sequence Listing; 

(B) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or 
inversion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 5 in 
Sequence Listing, and which has an activity to produce raffinose from sucrose and galactinol; 

(C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

(D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or 
inversion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 24 in 
Sequence Listing, and which has an activity to produce raffinose from sucrose and galactinol. 

9. A DNA coding for a protein specified by the following (C) or (D): 

(C) a protein which has an amino acid sequence shown in SEQ ID NO: 24 in Sequence Listing; or 

(D) a protein which comprises an amino acid sequence including substitution, deletion, insertion, addition, or 
inversion of one or several residues of amino acids in the amino acid sequence shown in SEQ ID NO: 24 in 
Sequence Listing, and which has an activity to produce raffinose from sucrose and galactinol. 

10. The DNA according to claim 8, which is a DNA specified by the following (a), (b), (c) or (d): 

(a) a DNA which includes a nucleotide sequence comprising at least nucleotide residues of nucleotide num- 
bers 56 to 2407 in a nucleotide sequence shown in SEQ ID NO: 4 in Sequence Listing; 

(b) a DNA which hybridizes under stringent conditions with the nucleotide sequence comprising at least nucle- 
otide residues of nucleotide numbers 56 to 2407 in the nucleotide sequence shown in SEQ ID NO: 4 in 
Sequence Listing, and which codes for a protein having an activity to produce raffinose from sucrose and 
galactinol; 

(c) a DNA which includes a nucleotide sequence comprising at least nucleotide residues of nucleotide num- 
bers 156 to 2405 in a nucleotide sequence shown in SEQ ID NO: 23 in Sequence Listing; or 

(d) a DNA which hybridizes under stringent conditions with the nucleotide sequence comprising at least nucle- 
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otide residues of nucleotide numbers 156 to 2405 in th nucleotid sequ nee shown in SEQ ID NO: 23 in 
Sequence Listing, and which codes for a protein having an activity to produce raffinose from sucrose and 
galactinol. 

1 1 . The DNA according to claim 9, which is a DNA specified by the following (c) or (d): 

(c) a DNA which includes a nucleotide sequence comprising at least nucleotide residues of nucleotide num- 
bers 156 to 2405 in a nucleotide sequence shown in SEQ ID NO: 23 in Sequence Listing; or 

(d) a DNA which hybridizes under stringent conditions with the nucleotide sequence comprising at least nucle- 
otide residues of nucleotide numbers 156 to 2405 in the nucleotide sequence shown in SEQ ID NO: 23 in 
Sequence Listing, and which codes lor a protein having an activity to produce raffinose from sucrose and 
galactinol. 

12. A DNA specified by the following (e) or (f): 

(e) a DNA which hybridizes under stringent conditions with a nucleotide sequence comprising at least nucle- 
otide residues of nucleotide numbers 56 to 2407 in a nucleotide sequence shown in SEQ ID NO: 4 in 
Sequence Listing, or a complementary nucleotide sequence thereof; or 

(f) a DNA which hybridizes under stringent conditions with a nucleotide sequence comprising at least nucle- 
otide residues of nucleotide numbers 156 to 2405 in a nucleotide sequence shown in SEQ ID NO: 23 in 
Sequence Listing, or a complementary nucleotide sequence thereof. 

13. A chimeric gene comprising a raffinose synthase gene or a part thereof, and a transcription regulatory region 
expressible in plant cells. 

14. The chimeric gene according to claim 13, wherein the raffinose synthase gene is the DNA as defined in any one of 
claims 7 to 11. 

15. The chimeric gene according to claim 13 or 14, wherein the transcription regulatory region is ligated to the DNA so 
that an antisense RNA having a sequence complementary to a coding strand of the DNA is expressed. 

16. A plant which is transformed with the chimeric gene as defined in any one of claims 13 to 15. 

17. A method for changing a content of raffinose family oligosaccharides in a plant, comprising the steps of transform- 
ing the plant with the chimeric gene as defined in any one of claims 1 3 to 15, and allowing the gene to be expressed 
in cells of the plant. 
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